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INTRODUCTION 


Recent shortages in the supply of clean energy, coupled with increasing costs 
of fuel, have forced the nation to reassess all forms of energy, including wind 
power, to determine their practicality. The national wind energy program, 
which originated at the National Science Fo\mdation and is now directed by the 
Energy Research and Development Administration (ERDA), includes research and 
development on the many applications and concepts of wind-energy systems. 

As part of this program, the NASA Lewis Research Center was assigned the project 
responsibility of designing and constmcting a wind turbine generator large 
enough to assess the technological requirements and engineering problems of large 
wind turbine generators. The 100-kW wind turbine was assembled, for the purpose 
of assessment, at the NASA-Lewis Plum Brook Station in Sandusky, Ohio. While the 
design and assembly of the wind t\irbine was conducted by NASA-Lewis, the detail 
design, analyses, fabrication, and test of three identical 60-foot-long metal 
blades were performed by the Lockheed Aircraft Corporation under NASA contract 
NAS 3-19235. 

This report presents Lockheed's results of the blade loads analysis and contains 
the detailed stress analysis used to support the structural design. A preliminary 
investigation of wind shear and wind blockage due to the tower structure indicates 
that blade cyclic loads could be greater than the cyclic loads used in this anal- 
ysis. For the blade loads used for this analysis, the metal blade can carry, 
without material yield, infrequent peak loads encountered during rapid changes in 
blade pitch angle at the rotor operating speed. The metal blade can also with- 
stand an infinite number of cyclic loads during normal operation, as shown by this 
analysis. Recommendations for monitoring blade loads during operation are also 
specified. 
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SECTION 1.0 


BASIC DATA 

The blades built by Lockheed under Contract NAS3-19235 meet the following 
;requirements : 

o Rotor diameter of 125 ft 
o Operating speed of 40 RPM 

o Collective pitch range of blades, -3* 5° to 92.5° at Station 75 radius 
o 33.8° non-linear twist on each blade 
o N.A.C.A. 23000 series airfoils 

o All aluminum basic blade construction with a steel root fitting 
for attachment to the N.A.S.A. windmill hub 

o Root attachment to conform to N.A.S.A. bolt size and patterns. 


Geometry 

The overall external dimensions are shown in Figure 1.1. 

A spanwise plot of blade chord, thickness ratio and blade angle are 
shown in Figures 1.2 to 1.5» 
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SECTION 2.0 


WINDMILL BLADE LOADS 

The structural design loads presented herein are the four (4) structural 
design conditions specified in Table I of Contract No. NAS3-19235 is the 
basis on which the structural integrity of the blades is established. Addi- 
tional loading conditions have been investigated, and are reported on, to 
illustrate the effects of 1 ) horizontal wind shear gradient and 2) tower 
shadow interference on cyclic bending loads. 

ANALYSIS APPROACH 

The rotor loads computer program (WINTUR) is utilized to define, in detail, 
the steady state and cyclic loads acting on the windmill blades. This com- 
puter program reflects a coupled response analytic method that yields span- 
wise and azimuthal distributions of airloads, bending moments and torsional 
moments depending on the operational mode selected. 

In brief this computer program is a fully coupled aeroelastic blade loads 
analysis consisting of an aerodynamic performance/ trim analysis of a rotor 
system that is coupled with the dynamic response of the blades. A relaxation 
type of iterative procedure is employed between the aerodynamics and blade 
responses to obtain a converged solution that is consistent with the blade 
mode shape. The aerodynamic portion of the program consists of expressions 
for rotor thrust, torque, shaft moments (pitch and roll), and shaft shear 
forces (lateral and longitudinal) utilizing (^ , C^, and C^ data vs, local 
blade angle of attack, section thickness, and Mach number. An iterative 
procedure permits one or all of the net rotor forces to be trimmed to 
describe the operational condition of the rotor in terms of the rotor control 
angles and/or attitude that is consistent with the response of the blades. 

The dynamic analysis portion of the program considers the blade response, in 
harmonic form, to the steady and unsteady airloads, Coriolis forces, gravi- 
tational effects and the structural coupling between the flapwise and chord- 
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wise bending moments due to collective pitch and local geometric twist angle. 
The structural model utilizes a finite element description that permits a 
detail definition of the rotor blade system. This description is unique in 
that two separate beams are defined to describe one integral rotor blade. The 
two beams are represented as 1 ) the feathering blade and cuff with provisions 
for up to 45 stations, and 2) the fixed hub which supports the blade and cuff 
with provisions for up to 30 stations. A total of 44 blade stations are used 
to represent the 100 kw windmill blades. This arrangement permits the 
determination and inclusion, in the net response of the blade, of 1 ) feather 
bearing radial forces, 2) feather bearing support elasticity, and 3) kick shear 
forces resulting from the blade retention mechanism. A quasi-coupled elastic 
torsion analysis is made where extensive use is made of the output from the 
basic coupled analysis. The elastic twist angles, as determined in the torsion 
analysis, are reflected in the aerodynamics of the successive aero-structures 
cycle in the relaxation process. 

Among the many program operating options provided there is one that permits 
the application of an arbitrary spanwise airloading distribution to the blade 
structure at any discrete exciting frequency that is an Integer multiple of the 
rotor speed. It is this option that is used to determine the aero-elastic 
characteristics of the blades for the specified air loads of this concept. 

The sign convention incorporated into the WINTUR computer program and used 
in this section of the report is shown in Figure 2.1. 

WINDMILL BLADE DESIGN LOADS 

Blade loads, natural frequencies and mode shapes presented in this section 
reflect the blade mass and stiffness distributions and related data given 
in Section 3*0 of this report. 

Rotating natural frequencies and mode shapes are computed using a subset of 
the "WINTUR" program and utilize the same structural description and inputs as 
that employed in the blade loads analysis. This approach insures the com- 
putation of blade frequencies that are directly compatible with computed 
blade loads. 
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Natural frequencies for the cantilever blades were computed at various rotor 
speeds from zero to 50 RPM and at pitch settings, defined at the 3/4 blade 
radius, of 10°, 0°, and -10°. The result of these calculations are presented 
in Figure 2-2 and shows that for the normal operating speed of 40 RPM there 
is adequate separation of the blade frequencies from the aerodynamic excita- 
tions at the integer multiples of the rotor speed, nP. Also, the frequency 
spectrum shows that there is a negligible variation in the frequencies within 
the blade pitch settings investigated. Blade mode shapes associated with the 
frequencies at the nominal rotor speed of 40 RPM and zero degree blade pitch 
setting are shown in Figures 2-3 through 2-5 for the first three natural 
frequencies. The first and lowest mode is 2 . 76 P and it is defined as the 
first flapping mode where the primary blade motion is normal to the plane of 
rotation. The second mode is 3-62P and is defined as the first inplane mode 
with primary blade motions in the rotational plane. The third mode is at 
7 . 57 P shows that the primary motion is again normal to the plane of 
rotation and it is called the second flapping mode. 

The structural integrity of the windmill blades is based on the four (4) 
spanwise aerodynamic loading conditions as stipulated by Contract No. NAS 3 - 
19235 shown on Figures 6 through Figure 9 oF Fhe contract. The four 
design conditions are summarized in Table 2.1. 


TABLE 2.1 


Design Condition as Specified by Contract 


Case 

No. 

Blade Pitch 
Setting ^ 
3/4 Radius 

Rotor Speed 
RPM 

Wind Velocity 
MPH 

Figure # in 
Contract for 
Aerodynamic 
Load Distribution 

1 

0° 

4o. 

18 . 

6 

2 

0 ° 

4o. 

60 . 

7 

3 

- 90 ° 

4o. 

18 . 

8 

li 

0 ° 

4o. 

0 . 

9 
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For each of the loading cases in Table 2.1 steady and cyclic, IP, blade loads 
vere computed using the special option capability of the "WINTUR" program as 
discussed earlier in the analysis approach section. This computation process 
uses the specified airloads as inputs to obtain the steady state blade bending 
loads and elastic characteristics. The gravitational effects, due to the spanuise 
blade mass distribution, is used to define the cyclic blade bending loads and 
elastic characteristics. 

The influence of inplane Coriolis accelerations on cyclic bending loads are 
obtained independently and superimposed to those due to the gravitational 
effects. In terms of prime factors the cyclic, IP, blade root moments, due 
to Coriolis force, can be expressed as follows: 

= ai^v/L^a^ai SINT (l ) 

where: 

q = blade root moment, in. -lb. 

I^ = mass inertia of one blade, slug - in.^ ( 57 IIOO slug - in.^) 

= rotation speed of windmill, rad/sec. (4.189 rad/sec = 40 RPM) 
= azimuth position - radians 

a^ = effective blade cone angle referenced to 3 /^R - radians 

a^ = effective "IP" blade flapping angle referenced to 
3/4R, - radians 

Based on the elastic characteristic obtained from the "WINTUR" program and 
carrying through with the required substitutions above the blade root inplane 
moments, as well as the effective cone and IP flapping angles, are presented 
in Table 2.2 for the specified loading conditions. 

The distribution of the cyclic inplane blade root moment along the span of the 
blade is accomplished by using a predetennined IP bending distribution curve. 

The net spanwise distribution of the cyclic chordwise bending moment is the 
sum of that due to gravity effects and those due to Coriolis acceleration. 
Comparing the relative magnitude of the cyclic chordwise bending moments of 
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of Figure 2-10 with the blade root cyclic moments in Table 2.2, for cases 1, 2, 
and 4, it can be seen that Coriolis accelerations have a very negligible effect 
on the net l/2 (P-P) cylcic chordwise bending moments. This also holds true 
for case 3 where the cyclic beamwise bending moment of Figure 2-11 must be 
compared to the cyclic blade root moment due to Coriolis effects. In view of 
this, Figure 2-10 presents the net cyclic bending loads for cases 1, 2, and 4 
and Figure 2-11 those for case 3* 


TABLE 2.2 


Coriolis Blade Root Inplane Bending Moment 


Case No. 

( rad . ) 

a-, 

(rad. ) 

Kc 

= Kc SIN ; in. lb. 

1 

0.112759 

-.000608 

-1374 

2 

0.139723 

-.000608 

-1703 

3 

0.112951 

-.000624 

+1413 

4 

0.103692 

-.000608 

-1264 


The spanwise distribution of the steady state beamwise and chordwise bending 
moments and inplane and axial shears for the four loading conditions are 
shown on Figures 2.6 through Figure 2.9* The centrifugal force distribution 
along the blade span for the nominal rotor speed of 40 RPM is shown on 
Figure 2.12. 

EXPOSITORY ANALYSIS 

Detail consideration must be given to both the static and fatigue strength 
level loads anticipated during the life of the blade in order to achieve a 
windmill blade that is reliable. This entails the investigation of loading 
conditions that reflect the operational environment to which the blades will 
be exposed. The following tentative list of conditions should be investigated 
in addition to the four presented in Table 2.1. 
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1 . Rotor yaw angle with respect to wind velocity. 

2. Rotor yaw rates 

3 . Combinations of rotor yaw angle, yaw rates and yaw direction 

4o Rotor speed variations 

5 . Wind speed variations 

6. Blade pitch setting variation 

7 . Ground wind velocity shear profile 

8. Windmill tower shadow interference 

9 . Gusts 

10. Start-stop cycles 

11. Non-rotating blade loads in an extreme wind environment 

12. Various combinations of the above operational modes 

A cursory investigation was conducted pertaining to some of the above loading 
conditions to demonstrate their effect on cyclic blade loads and are reported on 
for comparison purposes only. ,The analysis utilized the full capabilities of 
the "WINTUR" computer program discussed earlier. 

Tower shadow interference effects are included in "WINTUR" by considering the 
tower to have a retardation effect on the free stream velocity over a sector 
of the windmill disk as depicted in Figure 2.13* This is accomplished by 
assigning an arbitrary value to, Z' , the sector over which the flow through 
wind is retarded and, K-y, the percentage of wind velocity retardation. 

The effect of tower shadow is to induce a »1P" pulse to each blade as it passes 
the tower. The pulse contains higher frequency blade responses whose magnitudes 
are a function of sector size and degree of tower interference. 

A limited investigation was conducted to determine the influence of sector 
size and various tower interference factors on cyclic blade bending moments 
and tower loads using the design condition described by Case 1 of Table 2.1 as 
the baseline. The combination of parameters examined are given in Table 2.3. 
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table 2.3 


Tower Shadow Interference Parameters 


Legend 

Sector Size 

y 

Percent of 
Interference 
Kv 

Baseline 

0° 

0.0 


60° 

7.4 


60° 

25.0 


18° 

25.0 


The cyclic l /2 (P-P) blade bending moments of this study are shown in Figures 
2.14 and 2.15 ^-nd the tower loads are given in Table 2.4 in harmonic form. 

The data shows that there is a pronounced increase, from the baseline case, 
of the beamwise cyclic bending moments and a negligible increase of the 
chordwise bending moments for the parameters investigated. It should be 
noted that there is a very dramatic increase of the beamwise cyclic bending 
moments over the span of the blade. For example the cyclic beamwise bending (''/"j/Via/ 
moment shows an increase of 1500^ over the baseline data for the worst 
assumption. This indicates that the tower shadow effect could have a 
significant effect on fatigue loading. The actual increase would depend on 
its true severity. 

The effect of tower shadow interference on tower loads is given in Table 2.4 
and shows that the primary influence is on shaft bending moments in both the 
yaw and pitch directions. Steady shaft moments show an appreciable increase 
over the baseline case when tower shadow effects are included and that higher 
frequency shaft moments, " 4 P", are probably more dependent on the inter- 
ference factor than sector size. 
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Wind shear gradients, with respect to altitude, can be approximated by the 
simple power expression of reference 2.1. In simple terms the expression 
given is: 

Vv h"" (2) 

Equation (2) simply states that the horizontal wind velocity, V^, is proportional 
to altitude H raised to the power n. The vertical wind velocity profile 
suggested by equation (2) reflects the earth's boundary layer effect and is 
dependent on the earth's surface roughness characteristics which are included 
in the exponent n. It should be noted that reference 2.1 points out that the 
vertical change in wind direction is negligible within the lowest 300 feet of 
altitude if the overall airflow is strong and the site free of obstructions. 

Wind shear is implemented in the "WINTUR" computer program by adjusting 
equation (2) to reflect the nominal wind velocity at the rotor shaft axis 
altitude as depicted in Figure 2.16 and then defining the incremental wind 
velocity variation (xi ^vh^' rotor disk area. The incremental wind 

velocity with respect to the nominal wind velocity can be expressed as follows: 




(3) 


Where: 



Incremental change in wind velocity at altitude, 
feet per second 


Ho 

y 

r 

n 

Kw 


Nominal wind velocity, feet per second 
Elevation of rotor shaft axis, feet 
Azimuth position, degrees 
Local blade radius, feet 

Exponent describing earth's surface roughness 

Factor, normally equal to 1.0 when n is less than 1.0. 

If n is equal to 1.0 then describes a linear variation 
of wind shear gradient 
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A linear variation of vdnd shear was examined having a gradient of equal to 
0.125 using the design condition described by case 1 of Table 2.1 as the 
baseline. The cycle blade bending moment distributions of this investigation, 
with and without the effects of tower shadow interference, are shown in 
Figures 2.17 and 2.18 and the corresponding tower loads are given in Table 2.4. 
The results again show that there is an appreciable increase in the beamwise 
cyclic bending moments from the baseline case and a negligible effect on the 
chordwise bending moment distribution. Two blade stations are examined as a 
function of rotor azimuthal position and shown in Figure 2.19 to further 
illustrate the effects of wind shear and tower interference on cyclic beamwise 
bending moments. The results show that the influence of higher frequency loads 
on the overall content of l/2 (P-P) cyclic beamwise moments is more predominant 
outboard along the blade span. Tower loads reflecting the influence of linear 
wind shear is given in Table 2.4 and shows that only steady and 2P tower loads 
are developed. This demonstrates that only IP blade airloads are generated by 
a linear wind shear representation. However, it should be noted that if n 
were assigned values other than 1.0 such as I/5 for values of Vy between -5 
and -35 mph, as suggested by some literature, and letting = 1.0, then 
higher frequency airloads will occur. This will then result in higher frequency 
blade bending and tower loads. 

In addition to the tower loads due to wind shear and tower shadow. Table 2.4 
also includes data for the following conditions: 

• Four design conditions specified by contract 

• Limited excursion of blade pitch angle 

• Limited combination of yaw rate c_nd yawed wind direction with 
respect to the drive shaft 

It should be noted that the largest steady and 2P shaft moments reported are 
for the combined yaw rate and yawed wind velocity condition. In the event of 
a failure mode where the yaw mechanism fails, such as may occur when: I) the 
rotor is unable to yaw resulting in large yaw wind direction angles, 2) the 
rotor experiences inadvertent large yaw rates, and 3) the combination of 
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1 and 2, then much larger tower loads can be expected to be developed and must 
be considered in the structural design envelope. 


CONCLUSIONS 

The wind turbine blades were designed to the aeroelastic loads developed for 
the four design conditions as specified by contract. Additional loading 
conditions were explored to ascertain the influence of various parameters on 
design loads that may affect the life and reliability of the blades and/or 
tower. The following conclusions were arrived at: 

1 . Tower shadow interference has a pronounced effect on the magnitude of 
cyclic blade bending moments and tower loads depending on sector size 
and/or the degree of free stream wind velocity retardation over the 
rotor sector. 

2. Cyclic beamwise bending moments due to tower shadow were shown to 
increase the baseline cyclic moments used for fatigue analysis. The 
increase is most significant in the mid span. This loading should 
be further investigated relative to its effect on fatigue life. 

3 . Tower shadow tends to reduce the energy extracted from the wind, for a 
given blade pitch setting, resulting in a less efficient wind energy 
generator when compared to analysis that ignores the tower. 

4. Horizontal ground wind shear results in primarily IP blade loads and 
steady and 2P tower loads for a linear wind shear gradient. However, 

a non-linear wind shear would result in higher frequency blade and tower 
loads in addition to those experienced for a linear wind shear gradient. 
This results in larger cyclic loads and \d.ll adversely effect the :d.nd 
energy system. 

5 . Failure of the yaw control (unable to adjust to the wind direction and/or 
excess yaw rates) will produce relatively large cyclic blade and tower 
loads effecting the life of the wind energy system. 
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The conclusions presented are based on a limited examination of some of the 
design conditions listed in this section of the report. Based on the 
cursory analysis presented, the fatigue loading could be significantly 
increased by tower shadow effects. These effects have not been included 
in the baseline data. 
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TABLE 2.4 




SVVeET 1 0»» 2 


WINDMILL TOWER LOADS 
CONDITION DATA 


REPORT NO. 


ROTOR SPEEDS 40 RRfA 

I 


Case 

No. 

N^5A 

DrsieN 

OAse 

NO. 


yAw 

RATe 

RAD/SEC 

BLADf 

ANGLE 

0V4R 

0E6. 

tower 

LNTERFEREMCe 

Wind Shear 

Axial 

Theusi 

T 

LG 

Shaft 

FbwE? 

Q 

EP 

Lfsenp 
Rep. Fisoee 
this 

SECT low 

Vv 

Vu 


Kv 

1\ 

Kw 

5*<0/ 

/ 

-26.4 

0 

0 

0 

0 

0 

O 

o 

5437 

-193. 

|[^ggQ]2g| 

5/3 

2 

-86jD 

o 

0 

<9 

o 

0 

0 

0 

13994 

-242. 


509 

3 

-26.4 

tm 

0 

'^0, 

0 

o 

o 

0 

-292 

4614. 


5!^ 

mm 

O 

0 

0 

0 

0 

0 

0 

0 

-385 

37. 


5H 


-26.4 

o 

0 

6. 

o 

0 

0 

o 

S69/ 

-205 


512 


-26.4 

o 

0 

-6. 

0 

o 

0 

0 

I45& 

-36, 


SIS 


-26.1 

459 

.0349 

0 

o 


mQH 

0 

5324 

./73. 


516 


-26.1 

4.59 


O 

o 

o 

0 

0 

5325 

'/74. 


5013 


-26.4 

0 

0 

0 

60, 

.074 

0 


5285. 

-/TO. 




-264 

O 

0 

O 

6<9. 

.25 

0 

0 

5018. 

-/55 

— 

50!Z 


-26.4 

0 

0 

O 

/8. 

.25 

o 

0 

5234. 

-/76>. 

— 

50/^ 


-26.4 

O 

0 

0 

O 

0 

1.0 

.125 

5397. 

-/7^. 




-26.4 

ma 


o 

60. 

• 074 

wm 

.125 

5286. 

-/7/. 

— 


WINDMILL TOWER SHAFT MOMENTS 


Case 

Yaw Moment^ Mh- 

IN-lb 

Pitch Moment, Lh 

~ lN-\b 

No. 

IB 

mmm 

E9GZ 

BBEZ9 

mm 

'B3K1 

BEKS 

B9K9 

50! 

-544 


1 

... j 

-//SHOD 


1 

5!Z> 

999 



— 1 

-/276¥5 

JESSOBBSSBM 

... 1 

5o9 

2564 


I 

1 

-ITDfOO 

tSStSBMM 

1 

519- 

-8523 



1 

~/2f2oe> 

ESBCnSM 

1 

5/1 

-/3¥! 

BBj 


f 

1 

¥2¥20O 


B9M1 

1 

5/2 

698 

mmea 

1 

1 

I 



1 

1 

1 

5/5 

-63J3Z 

}¥28M\3t^ 


— 1 

9973 


1 

1 

5/6 

f¥85oD 

207600 \/5R 

1 

— 1 


BS^!1ES 

_j 

1 

50/3 

509Z 

rmrsm^ 


B9H 

•Ufoeo 



1 - 

50136 

/9O0O 





EBS3S3d 


1 

S0f2 

5798 


msm 




SS3KB 

299001 13“ 

5014 


! 13800 \lvP 

mmm 

EKi 



/ 163“ 

BK8 

50/5 

ZISTO 

QQQI^ 


B^9H 






I I III I II I -- I- , - - I ■■ I ^ 

Load So + Szp Cos 2('i'-<l>2p)+ S4pCos4CY-4»4f>) 5gp Cos^Cm'-^^p) 
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WINDMILL TOWER LOADS 





512 


5iS 


5/6 


50/3 


50t3f^ 


50/if 


50/5 


WmOMlLL SHAFT NORMAL FORCES 


Yaw Fojzcb^ pounds 


^2P |4iJ 54P $6 


Pitch FoRce^ Y-^ poovjds 


So Szp I Sap S«p 



Load - S^+ S^p CoseC'V-<i>2p)^S4pCos4(H>-4>^p) Cos6C4^-0 
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Blade Internal Loads and Stresses 

The internal loads and stresses are calc\ilated for the four design 
cases listed on Table I of the contract. External loads for these 
cases are shown in Section 2 and comprise mean and cyclic loads for 
case 3» mean loads for cases 1, 2, and 4 and one cyclic loading 
common to these latter three cases. The internal loads and stresses 
are presented in Appendix A and summarized on pages 3> 2^to ‘h 'ii. 

The primary Internal loads producing significant stresses are the 
axieil loads from combined beamwise and chordvri.se bending moments. 

The mechanized program used for deriving the internal loads is 
described on page 3> 4. The method provides an accurate representation 
of the axial stresses along the blade for the section properties vised. 

The effect of varying the section properties to be consistent with 
the developed stress for each condition is discussed on page 3. 14» 

The shear flows , however , for both direct shear and torsional shear 
are conservative. This is due to the fact that no account is taken 
of blade taper and the torsion box areas calculated within the program 
use straight lines between the neutral axes of the areas Ivm^d at 
the grid points and do not follow the skin contour. Since the shear 
stresses generally are relatively low, correction of the shear flews 
is not considered warranted, except for the spar web for case 3> 
where the correction is made to show the web to be shear resistant 
( reference page ‘5, i i) . 

Axial stresses from centrifugal force are presented on page 3»19» 

The design loads used are from section 2 of this report. The centri- 
fugal force is from Fig. 2.12. Blade Bending moments and shears are 
from Figs. 2.6 to 2.11. The shears in these figures are given relative 
to the shaft axis and have been rotated to each blade section reference 
axis for determining internal loads. Blade torsion is obtained from 
runs of the "winturs" program described on page 2.1 for the design 
conditions analyzed. 
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MECHAinZED MALYSIS PROGRAM 

The internal loads and section properties are calculated vith the 
aid of remote terminal computations using the Conversational 
Programming System (C.P.S.)- Inputs to the program at any station 
analyzed are as follows : 

2 

A ins cross-sectional areas assigned to grid points 

chosen for the structural model. 

X ins ) coordinates about the established 

Z ins 5 reference axes. 

T ihs thickness of skin between grid points. 

IMS ins spar web tMckness. 

XMS ins ) spar location relative to the reference axis. 

ZMS ins ^ 

HMS ins spar height. 

E Ib/in Modulus of Elasticity for material used. 

G Ib/in Shear Modulus of material used. 

XLA ins ) coordinates about the reference axis of the load 
ZLA ins n application point. 

Sx lb. ) applied shear loads at the load application point 

Sz lb. 5 along the x and z reference axes. 

Mx Ib/ins applied bending moments, 

Mz Ib/lns about the reference axis at the load application 
point . 

My Ib/ins tonsional moment about the load application point. 

The program uses the above material, geometric and applied load data 
to compute and print out the following data: 

X ins 7 coordinates of the neutral axis position of the 
z ins j cross-section about the reference axis. 

EIxx 7) Product of area moments of inertia times the 

EIzz / modviluB of elasticity about the neutral axis 

EIxz \ location. 


LOAD lb 7 
STRESS psi j 


axial load and stress at each grid point. 









PREPARED BY DATE 

A.W.Cherritt 6-13-75 

LOCKHEED - CALIFORNIA COMPANY 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 1 

CHECKED 

T 

1 

1 100 KW WINIMILL BLADE 

E 


APPROVED 

REPORT NO 

LR 27153 


MECHAUIZED ANALYSIS PROGRAM (Cont*d) 

O Ib/ln shear flows in the spar web in the skins between 
grid points. 

2A cell 1 computed torsion bMe areas of front and rear 
2A cell 2 blade cells. 

Q Ib/in shear due to torsion alone in each cell. 

My in/lbs torsion about shear center. 

Lateral location of shear center in inches ahead of spar. 


The program output data for the blade stations and load condition 
analyzed is presented in Appendix A. 
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BLADE. SE.CT10KJ PR0PF.«.T \ £.S- 


the. blade. BBCTIOM PF.0P£R.TIES AR£ CALCULATe.lC> WlT)4 

, I 

TUB MD OF the CPS, COMPUTER. PR.0C,RAM DESCRIBED 
OM PAqE a,. 4 . THE PROPERTl £9. Mi £ CALCULATED AT 

TVUELVE ETATlONi9 AlONC, THE BLAOE . THE. f2£F£R£K)CE 
AV6S O EE-O AX E.ACH ETATlOKl Aft£ ■ AS FOLLOWS 

I I 

THE >c AXIS >S A UM£ parallel TO The CHORD LIME ygmC-H 
BISEC.T9, THE AlR-FoiL OROiMAT E AT TH £ ^ CHORD. THE 

'■Z.' AXIS *S MORMIAL TO THE X AK IS AT THE '4 CHORD. 
THESP axes TOCETHEli Vs/lTH THE Si C,N C .>NSl € N T 10 KJ 
USED IS SHOWN IN THE SKETCH 6ELOW. 



I 


\H\TH respect to the AiRFOlU SECTiqm 
yC PoSiTwE FORWARD. 

Z PoSiTiv/E UP 

Mxx. Positive, upper svP-face in comPRessi otsj 

Myy positive nose up 

M PoSlTlVt TE in COMPRESSION) 

z-s 

^ shear flovnjs Positive nose vp. 

note the SiCn convention is xhE same as for the 

loads analysis , section 2. FlC, 2 .A EX CEPT T H AT T HE 
/ \ 

PosiTwE >< Direction is reveP-sep, 
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EFFECT OF INiCLUOlNiQ TfeA>IL.IK)C| EC?<;E QN| e,U^PE 

PP-OPE.<g.TIES ANO STR^&Sg.<> 

the section PRjOPEt^TlES USED IN THE MECH^Kil^.EO PEO<ieAM 
POR. the. CM-CULATtoH OP mTER.N/V.L CO^DS ^ STp^ESS^Es 
^SSUME TH^T the . OAO INCH THICIC TR.ML.lNjO EOqE Sk-IN 

IS INEFFECTWE for. TMCING, L 0 /V.D EkCEPT at the 
eS.TR.EME TRAfL-INJC, EOCE . HERE THE AREA OF SKI *sl 
CONSIST AWT SMITH TH E ANTICIPATED CoMPl5.E&S\SJE STRESS 
FOR CASE 2- IS IMCL.UDED WITH THE AREA OF THE TRAlLlNq 

edce closures. The effect on the euaoe sF-ction 
properties of USlNi:i FULLT EFFECTIV/E TRAlLlNCj EDqE 
SRIH ‘S SHOWN ON PACvE 3 . j i . th£ EFFECT ON BEAMlwISJ 
X IS small EuT THR EFFECT ON CHORDWlSS 
COWS! DERAIL E , 

FOR DESIGN CASE I^WMBRE THE DEVELOPED STRESSES 
AREU5W AND FOR CAS£ 3 WHERE MOST <?F THE TRMLlKjq 
EDAE. SK'N is in tension j the STRESSES ARE. LOWER 
THAN CALCuUATF-D R>V THE MECHANltED PRoc,RAM- THIS 

effect is conserv*.T\velv meg,lectep Rvcept For. the 

FATIGUE ANAlTsIS , CASE I ^ AT TH E HIGHEST STRESSED 
STATION and also for the INEOARD ELADB TRAlLiNq 

ed<\e stress for case 3 . 

FATiCtUE LOADS AND STRESSES 

the mCtWEST STRESSED AREA OF THE ELAOE FOR THE 
FATIGUE condition IS IN THE RECjlON CP ELADE STATION 
i S7. S , AT THIS STATION THE STRESSES FOR CA«^ g. 1 ARE 
CALCULATEO with FULlT EFEcTIVIE ‘SKIN AND ARE 
presented CN PAC^Ei 3A, 92- B A.94- . ^ COMPARISON OF 

THE STRESS AT C3,RID POINT M SHOWS THAT THE CVCMC 

rpMU-lNq EoqB stress changed from - 5327 Ps l to -boss psl 
PACES AA70 4- 3A.q4- 
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UPPER & LOWER SURFACES (CL1708-1-3) 

The tipper and lower surfaces consist of .250 inch thick skins 
extending from the blade root at station i*8 to station 653. The 
skins are supported longitudinally by two upper and two lower 0.250 
inch thick extruded alumlrrom stringers and laterally by .080 inch 
thick ribs at approximately 22 inch spacing. The forward edge of 
the panels are butt spliced to the .250 inch thick nose skin by 
means of .250 inch thick aluminum splice plates attached to the upper 
smd lower forward stringers. The aft edge of the panels are attached 
to the upper and lower .250 inch thick extruded spar cap angles. 
Chordwise butt splices of both skin cmd stringers are provided at 
intervals as dictated by manufacturing and geometric considerations. 

The panels are approximately 15 to 17 Inches wide between stations 
48 - 187.5; they taper to approximately 9 inches wide at station 585 
«md again to approximately 3.5 inches at station 653. The centrEJ. 
panel stringers terminate at station 587 and the forward stringers 
at station 609. The stringers are angle extrusions with 1.5 inch 
wide skin attaching flanges and the outstanding flanges are 1.75 
Inches deep between stations 48 to 389 tapering to 1.28 at station 477 
and again to .5 at the termination stations. In the region of 
station 653 the panels are Joined to the outer blade section. The 
,250 skins are machined out to permit the .125 inch thick nose skin 
which started at station 6II.5 to extend back to the spar. Therefore 
outboard of station 653 one .125 inch thick skin extends from the 
upper flange of the speur, around the nose, to the lower flange of the 
spar and takes place of the separate \jpper surface, lower surface and 
nose skins. 

Internal loads and stresses for the design cases are shown in 
Appendix A and the stresses are summarized on pages 3-1^ To 
A detail analysis of panels follows on page 3,34-, 
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THH SRIKJ, H0WE.Vt2.RjT IS GONSERV ATIV £<-V ASSUMED 
TO CE.T TAFHK) ft»V TH£ SPAR. CAP Al^C,U£. 













FORM 362B'2 


LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 



3 . 4 s 


MODEL _ _ ^ 


REPORT NO. 


UPP£.R.<L LQW&g. SUR.P^CE.S 
PKKITElV- AlTTIvCH t>1TLK)TS 

S,TR.^KjqTvA OP -V/6 HILQVLS 6EA<1£!KJC, .\70 


S<.1 K) 


'i I.0& X 3^30 


- 3468 Ls/ IK). 


MKRC,\K 1 OF S^Pe.TY !N SV^i nJ =• / S 4 Sfe \ j MS = » O ^ 

U646X|.2>sJ 

4 J ^TT^C^ M £K)T TO LE SpA.MVvj1SE SPudE. &TA>>4g-8|.S 


2.50 XTrjo , 


&KI Kj 



»598 

•- 2 -SC) . 


SPUlO£ f’UkTE. 


A.TT r-sC'FI MR.KJ ) S E./V.CM €.1 D£ O SPUtCE. /2|, HlLOtS 


^.O INlCH A<VE8.NCt^ SPACIMG, 


ST«l=.*s4 C, -Ti-4 


= .2330 U 6 / I W 


FUOVJS FOR the. maximum COt^JOlTl 0|sj 


SORE^CE <^r.idpoikjT 8 AT ST/kTiOtsJ 48 = 

^ WO«E SXlKi c,R»o PtoJKTT 7 A>T S-TA, SWSlHBD = 2ZT3 Q\.^\\ 
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SAFS-TT on Y»EUD for. TMF S E. ATTACHNAEMTS is 
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It 

P.Er^ft.lKlS COkjST^TsIT AT .21 SO F&OM &TA7 1 0 Kj 4- S To 
STATIOrJ 6M.50 VnHERE KANU FACTURI KIC, CONSIOEEATIOMS 
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PANEL analyses . SIKICE the I^ASS BAUANJCE K.EG)UlRe_ 
MEKJTS necessitate lEADIKJC EOCiE balance WE\qwT£.^ 
THE TMICIC LEADING! ED<ijE 6KIN AS STRUCTOFAU 
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THP SPUCt STR.ft.ps R.SPLNCB THE MiEP. O f= THE 
NmHuE. CHNK)N»eL NWD AR ^ «=AC.M ATTkCHSO VaV iTH 
4 HN&13‘l«oN4 R.W/ET5 T5-KCH 5\0E OF TwE. TOlK»T. 
MN>t»MUr^ STRU.&S I& FOR. C-ft.^E . 2 .. s - 22.510 p 

LOM3 IN» ENCH .080 STRAP a -*2.2.S| o X. ' 7S . O0^ • "I^SO L8. 

5TRE.M<;,TH of 4.R.WF.T5 IM ,OSO a4.X"7S5 = ‘SOS.OL.'S. 


MAR.<=»»NJ of safety = 3 0^0 - I 

I 350 x 15 

LONO \N» EACH OirrER. .12-5 ST^AP 


— 2.2 510 X. 6 3 X. 12.5 
NTTACHMEMT 6TRE\^G,TH 
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i~j44 >< I- s 


= - 1744 L9. 
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SM S3, 


OF Safety •= 470 oo 

, 2^510 K I .& 


= Alooof^ (- 
= 
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Wt-TH AMCtUE.S Its) PLACE. OF FLATT STRAPS ^THEV 
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IKITO THE S.VCIM BETWEEN STA. Sri.5^4S, THE NUH\V\UM MAU^i)KJ 
is FOie. case 2. FOR. THE CKAN>JEL CLOSURE ATTACHN EaTT S , 
MAY. stress PACH* = - 17^.2.0 -4&70 -~ 2.‘2-AHQ 9 h'u 

AfeEA OF CUAWKJF_C 4 RE) N FORC I KJ <, DOUBLE-RS IM TME ClRltl 

& 

poi K)T AEE.A . ' 

LOAD TO 6E SHEAR-Eo 00*7 )MT0 SY.)>J. ^ • 4-4-Y 2.2^4^0 -s. ‘=^<^00 Lfi 
LOAO/|H -- = 3 QOL 8 /fW » 

STREDATH of NAS 13‘?SD5A -Ha. RwjEtS no OEO 
At ,7S \wjom sFACiwA =. - l006u^)«J 
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the. ak»al load »vj the. TK.AiLifsic< eoc>e &tructur-E 

V/mCH SH5.NR.S OUT e>ETWfEE.N STTLT^OKJS gl.S 4^48 PROOUtE 
CHOT^DV^lSti AX.1AL LOADS IN TWR TWO . TME-SE. Tvwo 

TR-MLiDC, A.R-E -O^O twiCL MND MiE. 

RE.lK)P0P.OtE.O VJITH Two I . 5 X I . 5 X. • 0^ S ^ iO Z4- t 4 
EKTR-US^Ot^E* ON EACH R1 e» ^ ATTKLWE-O DIRECT uT TO 
WEKVV N\A.CWtvj£.0 LeKOlNJq EDAE. R\e>S WITH 2. Vs 
MILOLS . THE HICH-ESTLOAOED IS AT STaTI OtsI %I.B 

FOP- COND ITIOKI 3 , LC«DS ARE OtSTMDEO FROM THE 
R.S.ACT10KI shear FLOVvjS SHOVs^N OH PA<HE 3, A. ^5 AND 
SUMMED UP TO THE ATTACH^AENT FADE AS SHOWN IN THE 


6WLETLH E>eU0W. 

I X 




^TA. %\.£ 


09 SK)VJ . 


14^600 iNLOS 

I 471 0<? 



A - 1 .8 twS 

0 % R'ti 





8'7S L3. ^NEAuiqi eu^ stcTovi K' 


ASe>UME the effective areas as SH<?vU AY30VP 
ISAAKINIUM tjOKD ON LOWER. SURFACE 


' 4^1100 ^ l 26 SQ 0 1 y ^ 


= 3 I lOO L&, 


COMPRESSWE stress 


°°/l. 
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120000 Psl F - «?«10OO pst 
(=y 72.000 PSC 

( lNTeR.POl.(k.Teo Fp-OM Mil. H 06 K 5 ) 



20 J 842 _ 




3 r -7 5 


The root attachment extension fits inside the blade root between Station 48 and 
81. 5" The blade centrifugal force is taken by attachments to this fitting 
through the 81.5 rib and also along the curved spar web for a length of approx- 
imately ten inches. Blade bending and shear loads are transferred to the 
fitting by couple loads at the Station 48 and 8I.5 ribs. The maxlmttm bending- 
stresses occur at Station 38.75 and the maximum shear stresses occur between 
Station 48 eind 81.5 where the fitting is subjected to the large couple shears. 
Local flange bending stresses are also calculated at the attachment flange 
Station 31.75. 
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^ MOMtMTS AT STA. 31 7S C-OwStAUKTls/fi-uV uSEp.^ 


CASE 

BEAMM^tSE 

Mx 

cmoromiss 

&EviO\ Ki 4 
M X 

resultant 

BeNDlMQ 

Ma. 

5EMO«ki4 

STACKS 

■P b 

C.F. 

STRESS 

•fr 

TOTkU 

TEW&'UE 

STRESS 


m.Ul 2 >S. 

IN. LBS 

IN uBS, 

psL 

PsL 

Psi 

1 

meam 

SlOOoo 

SSOOO 

313-000 

4350 

• 360 



5710 

2. 

MEAN 

42X300 

1660 OOO 

1661 OOO 

2-3160 

■B 

2452,0 

4 

MEAN 

- 67SOOO 

- 3^000 o 

774600 

10870 

1360 

| 22 J 0 

1 2la4. 

CYCMC 

+ 2-4,7000 





t 7060 

3 

total 

-2570 OOO 

-3I4-000O 

— 

4058000 

56 540 

(36o 

57950 


(SMEkt STi8.£&seS AA£ LE&S THAM ZSOO PSC FOR CAlS 3 

AMO ARE iqNORUo. ^ 
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O STRRSS. 


c^ 9 e 
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* I I 9RO 

mekm 


2 . 

MEAN 


4- 

meam 


CYCL« C 


3 

TOTAL 



chorovise 

SHEAR 

S X 

RESyLTANT 
SHEAR 
S A 

* 

SHEAR 

TORSIOVJ 

My 

LE 

LS 

PSc 

IM L6. 

10 

1 1^20 

1330 

- 6720 

-46 100 

52470 

seso 

- AIBOO 

<is6o 

20100 

2240 

12950 

+ \Z1$0 

t 14350 

1600 

± 41 00 

36 0 

109400 

1 2 200 

158900 


TOASionJ totau 


50 1380 




2330 


30 1630 


1330 0 




- 4 ) STg-ESS. 

SINCE THE.RE IS UTJLE BENOlNCi MOM^KiT CMAKJ6,E 

BETwetM STATIOSJ 3l.7S 4, 48 ^ TH& STRESSES 

TKaULATE-P F0»^ STA . 38 7 5 ARE ASSUME-P TO APPLY 

AT ETA. 4S RED0CIKJ<^ LiKJEARLV TO ZERO AT STA. 81. 5. 

ATTACH EkjT 60>-T LOADS FLAKjg^G STRESS STA3I.75 

" 

TEKJSluE UOA.OS ARE. TAK-f=KJ BY 2^ EOUTS OKJ A 
18 62* DlA. . SH&ar ^T0/LS)0KJ L.OAOS AFE TMcrk] BY 
4- ^ rbouTs 1*0 ccosE tolec-akjCE hocEs. 

MAVUMUM Te.K)S'uE BOLT UOaO FROM IbTHsJDHO^ 

^ M 4 PROM C6MTRIFU4AL FORCE - CF 

12 R 24 


CF X 24400 LB 
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2 

ME-A.Ki 
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kaekn 

rssoltkvjT 
M ,1 ikjuBS 

312-000 

16 ^ 1 000 

779600 

P 6 ec-T 
ftftvJD. LB 

27?0 

1 >4-780 

69 8 <? 

P Soi-T 

6 F Lft 

1 ozo 

) O 2 O 

1 020 

P Sour 
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1 S€ 9 o 
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PUA.NJC|HXX 
stress -fg 
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ATTLCHMe.MT feOLT LOADS 4 FLAKIC^E STg.g:SS 

THH. 6.0 U,t LOAOS CAL-CUUATEO OKI PAG,E. 3.7-4- ARE 
6ASEO UPON A BEKl O I K1 fi, C>IST Rl © OT 10 Kj 

* Mc/^ WmCH APPOXIMATES THE ACTuAU O I STR.I &UTI ON 

PROvioiKiC) the preload OKI the attachikjc, Bolts 

IS NOT EV^CESDEO , THE BOLT PREUOAD SHOULD EX-CEED 
THE MAy.\MUPIUK^ CACLULATEO BOLT LOAD FOR THE 
MA^tlMUM NORMAL OPERATTINO, CONDITION I fi- CASER 
BOlT load = ISS')0 + 4S30 X ^042.0 LS . 

USING, MIL-T-SS- 4 ' 4 ' LUSRlCAKjT APPLIED TO TH£ 
threads NNO To the BEARIKIC SURFACES OP THE NUT 
S^BouT HEAD A Torque of 1400 inch l6>S vjill 

PRODUCE A PRSUOAO OF 2.9,000 L 6 IN THE 
ISO ICS I ^/s TENSION BOUTS RECOMi-/! ENDED FOR 
THIS ATTACHM&KJT. 

Case 3 . 

For THIS CONOITiONJ THE BOuT LOAD EXCEEDS THE 
PRELOAD AND THE MATING FuANG,ES WILL SEPARATE 
THE EEKlOiKiC, DISTRIBUTION IS ASSUMED TO BE 
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CASE. 3 , 


BOLT LOAOS FOR THE. DtSTRl fSUTIOKJ SHONWM ON PAC,£ V7S 

Are qwem av ^ A ■+ 102.0 (prom cf.^ 


bout 


£ A* 


M = 405S0OO IM.UBS , I IS7-6. itUi 

mCiHEST B0L.T l-OAD ON t2>OL.T N* I 
TENSU-E STftENC,TH OF A ^/i, \%0k.^l BOITT 


30|70 L 6 , 
~ 4 S 8 O 0 i_B 


MARC,)VJ OF safety t. _| MS - > 1 6 

^^ 0 » 70 XI. 2 s ' ■== 

the HHSHEST stress IKi TME FuANC,e ACEA V-V SHOWM 

ON Tms. sketch PACjE 3.74 • ESTiMATlOfsJ oF THIS STRESS 
VJlUt BH, SIMfuAFlED C0NS\0ER|L)6« THE V_OAlC> OM THE 
OoTERMO&T 5 &OL-TS PRODUCING AXIAL BEN Dl NJ 
stress on a CiRCUlMZ- sector as SMOvnN Rti-OVV 


30170 ** 



V' 
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X <’’= SH^DE.D SE.OTOR. = ^ S | ly/g^ 

OF SECTot?. 3 7. ^ 4 Us) ^ 

Tt=MS\L£ LOA.O FR0K1 6CLTS t,2., 3^ £2> ^2-4- 

5 ^Xi7^SO-»- :2-x <0 -+ 30170 » l4S3S0La 

e>eKjt>)KJC, moment from e,OLT lokds 

- Zyi7‘?S0V *3,0 4- ^ X > J 2.3 -f 3oi7oy (. 5S >36400 iMUfe 

K 

M^>.S^’^e.SS at fOfKJT 0 - I4S35Q 4. >36400 X 

T.^4 

- 73650 fSt 

h^ARQJKJ OF OM TI^UO 


M S 


s 90000 


73450 


^AS = 2.Z. 


« 6&OO^JP^^Y RING &TRE£>S>ES MAVIE- VJoT SEEM t|sJCL.UDE.D 
SlVOCE. Tv^E'f ARE NOT M)Cil4 FOR ft. PIPE FlaMAF. V\;HlCn 
IS PRmKF-U-V IKJ tae.K)O^WG KLEO KJORV/IAL To THE 
ASOvJE E,“eE<bS AT PO1NT0 ( P S.7^J 
The. MAXUMUM flange STR.ES,S ^T POINT 0 IS 
CALjCUuATEP for the OTHER D£SlqN CASES MO IS 
TAE,U^-^TED tSELOV/. 


CASE 

stress 

PS I . at 
POINT 


2 . 



3 

4 - 

73450 

I43PO 

±-3o60 


4 SSO 28 Z 5 P 

± feo 60 ± 8060 
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LOKDC> 0»4 SME.M^ ATTACHME.KJT BOLTS. STA 31. 7S 



the. LOCATtOH OP THE. POUR SHE.AR BOi_TS »& SHOwKJ ON 
TWE. SKETCH ASOVe. 

THE. MOME-KlT ABOUT THE ©Ol-T qR-OUP CENTROIO My + ).4^5 Sk 


f \ 

X 

UO k>0 

IN BO UT S 

( 1 ) 0 ©^© 



s 

/ ± 

^ ( 

H T V 7- 1 5S 

- Sy' -± OO-liZ M.,. 

44 



Ux7 l3S^ + iKTiS*--!* 2 x-i 5^^) 

t * 



' 33S 


z 

load 

IK) BOUTS ^ 



- 

S z/ i 
^4- 

Mt ^3.54 
33S 

■a Say' + .Ol0S4 M 

f f 

UOAD 

1 N BOUTS 




- 

S> 2 ,/ i 

^4 

Mt 7-5S 
3SS 

= Sa^t .021% M_ 


THE. SHEAR LOADS ARE RELATWE-LY SM AUL AnjD \m 1TH 
A P«LC0MM^K» 0^r> PRELOAD oF APPROV (MKTiELV ZS'OOOL^ 
OM THE 2.4 TE.K»S»0N bouts swears FOR OPBRATlMCj 


CONDI-TIOKjS NulUL riE TARE-N TWROOCIM FRICTiOnI oF 
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MEAN 

3 

TOTAL 

4- 

MEM4 

64 1 0 

-480 

30 

-2640 

- 100^0 

- 30 O 

- 38500 

154 ‘?DO 

3240 

- 42370 

140 200 

2800 

(D 

0 


- ISS4 

- 548 3 

- 134 

2 52 6 

- 15^5 

6 8 

29^6 

-57 10 

» 50 


t 2 a 4 - 

<^y^nc 


-lo 



S,^£^fe STfeEMCjTW OF 
( Mil,- WAJDiSk. 5 Bj . 
OF S>AvFerT 


/ 

A (60 ^ Boirr = I&6S0 LB. 


Ms > \ O , 
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the root attachment EyTENSlON. f<r station 4-S nnheee 
ThE<J.E »S no MECHANICAU CONKJECTION j The UOAO is 
TR.ANSEER.R.EO tiT THE R.»B. ©EAR1NC3» UPON THG 
e.)^TENS10N. THE PARTS MUTUM_L.V SUPPORT EACH OTHER 
Prom D1&T0RT\0N but BENO INDIV»DUAEV-Y, ^T station 
SKS THE BL-AOE R'S and THE ROOT ATTACHMENT EXTENSI0h4| 
ARE ATTACHED TOGETHER SMITH 2.A-, (SOLTTE VNHICH 

AUUOva/ the parts to act tN UNISON TO RES» ST RADlAU 
L.0AO1NC| . AT THIS LOCATION THE COUPLE U?At> CAN BE 
TRANSPERRE-O BOTH B>Y BEARING, AND BT THE 

attachment bouts , 


STATION 81.5 R.|B^ 


MAXIMUM DE-S'CN condition Ca.SE. S. 

the couple loads at station 81. S are CAUCUCATEO 

AS SHOVoN IN the UNE DiAqRAM BEUOVK/ 

4S 91. S 



R.4,«i 


^ 'J1.S 
( 
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•FATIGUE ALLOWABLES 


The high stress concentration areas in the blade occur in the joint ar€as. 

Stress allowables in terms of cycles to failure are developed for the follow- 
ing types of structure: 

1. Thin aft skin single butt joint. 

2. Main box section containing flush attachment holes. 

3 . Trailing edge section containing flush attachment holes. 

4. Steel root end flanged fitting. 

To allow for score marks and other realistic stress concentrations which can 
exist in a structure, a quality index of no less than five will be assumed 
for the general aluminum structure. The effective stress concentration 
factor K,^, for this index, will be assumed equal to 5 A = 4 will be 

assumed for the 120,000 HT steel root fitting. The above will cover all areas 

other than the aft skin butt joint. 

The fatigue allowables for the single butt joint are shown in Figure 2.2. 

In using this curve, it is necessary to consider several factors. The test 
specimens were flat without any fixation at the sides. The failure generally 
occurred in the center of the joint plate because of the offset bending in- 
duced in the platfe, as shown below. 





In the installed structure there is often the capability to reduce this 
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moment as shown below: 



/'/<70'' .'V-*^a^7' f-(. 

The relieving forces can be provided by hoop compression and tension if the 
panel is curved or by torsion/differential stiffness of the joint plate. 

The latter will depend on the proximity of stiffer local structure, such as 
ribs, stringers, spars, trailing edge members, etc. The net effect of 
these restraints would be to reduce the fatigue stress in the joint plate. 

This reduction would be dependent on the relative stiffness of the load 
paths. 

The aft skin of the windmill blade does have slight curvature. The butt 

joint plate is wide using several rows of rivets and there is a stiffer local 

structure within reasonable proximity. It would not be unreasonable to have 

atleast a 20^ reduction in bending fatigue stress due to these effects. Be- 

7 

cause of this expected reduction, the 10 cycles gross area stress of Figure 3*2 
will be used as the endurance limit without applying a reduction factor. 

Several design changes could improve the fatigue allowable of the joint. 

Among these would be the addition of an external plate which would result in 
a symmetrical joint and/or a chordwise stiffener below the joint. 

FATIGUE LIFE 

The life requirements for the blade are given below: 
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OPERATING MODES 


Case 

No. 

Blade Setting 
T = .75 

^t 

Rotor 

Speed 

(rpm) 

wind 

Velocity 

(mph) 

Life 

Requirements 
(Hrs or Cycles) 

1 

0° 

4o 

l8 

50,000 hrs 

2 

0” 

40 

6o 

10 gusts 
25 cycles per 
gust 

3 

o 

O 

<T\ 

1 

4o 

i8 

1 cycle 

4 

0° 

4o 


- 


The loads can be divided into categories as follows: 

1. Steady loads which come on and off, similar to an aircraft ground, 
air ground cycle (stop, start). 

2. High transient inputs which raise the steady loads, and induce 
higher cyclic loads which occur at a frequency greater than one per 
rev of the windmill (40 cycles per min.). 

3. Normal operation cyclic loads greater than one per rev of the 
windmill. 

4. Chordwise bending due to the weight of the blade which reverses 
at one per rev. 

7 

For categories 3 and 4, a simple analyses shows that at 40 KPM, 10 cycles 
would be reached in 4200 hours. The stresses arising from these loads must 
therefore be compared with the endurance limit. 

For category 1 it is necessary to establish the number of times the steady 
loads reduce to a low level and when they get to operating levels. For this 
category it will be assumed that the loads go from near zero to normal 20 
times per day for 10 years. This gives an order of 76,000 cycles. For the 
fatigue analysis, it will be assumed 100,000 cycles are achieved over the 
life of the blade. 


3-89 













For category 2 operating mode 2 would give a minimum of 250 cycles above one 
per rev. There will be other intermediate gust occurences. A minimum of 
1000 cycles will be assumed at the cyclic levels for this mode in order to 
cover these intermediate conditions. 

The beamwise and chordwise cyclic loads for the operational modes 1 and 2 
are given in the loads section, Figure 2-10. 

The steady loads for condition 1 and condition 2 are given in Figure 2-6 
and Figure 2-7, respectively. 

The cyclic loads for case 1 and 2 are shown to be the same. Under the 
ground rules established, these cyclic loads therefore must be below the 
endurance limit allowable. 

Case 2, beamwise steady, is below that of case 1, hence, the steady loads 
due to beamwise to be associated with the cyclic loads will be taken as 
those for case 1. The steady and cyclic stresses for the design cases given 
are shown in Appendix A, The critical items covered are the blade 

upper and lower surface, spar cap, trailing edge, and the steel root fitting. 
From this data the stations giving the maximum total stress steady plus cyclic 
and the stations giving the maximum cyclic stress for each case are selected 
for analysis. These are listed below: 


Blade Upper Surface Stresses - psi 
Design Case 


Station 

1 

2 

3 

4 

81.5 

- 810 

-4640 

19910 

+5150 


+1720 

+1000 


+1000 

235 



23760 


653 

-5070 

-9490 




+ 30 

+ 30 
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Blade Lower Surface Stresses - psi 


Design Cases 


Station 

1 

2 

3 

4 

81,5 

+ 3000 
+ 1300 



- 2890 
+ 1300 

235 



- 19470 


653 

+ 5700 
± 110 

•V- 10730 
± 110 




Lower and Upper Spar Cap Stresses 


Design Cases 


Station 

1 

2 

3 

4 

81.5 

+ 3050 
±2110 



-*- 5750 
± 210 

187.5 


.*• 2580 
± 1760 

+■28270 


81.5 




- 2160 
1 2110 

653 

-*■ 6400 

± 50 

-*■11810 
± 50 
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Trailing Edge Stress 


Design Cases 


Station 

1 

2 

3 

4 

187.5 

760 
+ 3040 

- 17200 
± 5330 

18600 

3570 

± 304 o 


Steel Root Fitting at Flange Radius 


Case 

1 

2 

3 

4 


6850 
+ 8060 

2830 
+ 8060 

73650 

14300 
± 8060 


The basic fatigue conditions are case 1 , 2, and 4. Case 3 need only satisfy 
limit condiblons,. 

The allowable altuninum endurance stress versus stress concentration is 
shown in Figure 3‘3« Applying a 20^ reduction to the endurance limit for 
Kjt = 5 gives 4400 psi allowable. The cyclic stress in the aluminum struc- 
ture for the high cycle conditions are below this value. The maximum com- 
pressive stress steady + cyclic is in the trailing edge structure at station 
187.5 for case 2 (-17200 + 5330). If this stress is considered as a maximum 
for the transient conditions (IOOO cycles), the equivalent applies stress 
would be -11 260 + 11260 psi. The allowable cyclic stress for 1000 cycles 
ignoring the favorable effect of a compressive mean and taking zero mean is 
1 9000 psi with a 20^ reduction factor applied to the allowable shown in 
Figure 3*4. 

The maximum tensile stress in the aluminum structure for case 1 is in the lower 
cap at station 653 (6400 ± 50). This condition for the 100,000 cycle 
stop/start is equivalent to a steady stress of 3225 psi with a cyclic stress 
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of 3225 psi. The allowable stress at this mean for 100,000 cycles is 
6400 psi, with a 20^ reduction factor applied to Figure 3*2. 

The normal operating stress in the alvimimmi aft section skin joints to be com- 
pared with the endurance limit occurs at station I 87.5 Tor case 1. The cyclic 
stress of + 3040 psi for this case is equal to the allowable shown in Figure 3*2. 
This would indicate the joints to be one of the most critical fatigue areas. 

The 1000 cycle transient and 100,000 stop/start cycles cause relatively low 
fatigue damage when compared to the cyclic stress caused essentially by the 
basic weight of the blade during rotation. 

The maximum cyclic stress of 806O psi in the steel root fitting flange for 
all the fatigue condition is below the 9500 psi allowable shown in Figure 3«1 
at the 6850 psi mean for condition 1 . 

The preceeding analysis indicates that the fatigue stress levels developed 
are compatible with the design objective providing that the load severity 
experienced in operation lies within the design conditions in Table I 
of Specification No. 3-572243. 
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LOAD MONITORING AND INSPECTION RECOMMENDATIONS 


The blade strength level determination is based on analysis. The contract 
did not call for any structural proof or fatigue tests of full scale hardware. 
With this fact in mind, it is recommended that the blade and hub structure 
be periodically inspected to determine condition of the structure. Specific 
attention should be paid to the monolithic structural areas such as the root 
tubular flanged attachment extension and the aluminum machined plate root 
ribs. Attention should also be paid to the D section and aft skin section 
surface Joints. 

As part of the test program, the flap bending, chord bending and torsion 
loads at blade station 40 and 370 will be monitored. This monitoring will 
check the validity of the basic loads established for design. To maintain 
a watch on structural integrity the level of loads and cycles at that load 
need to be monitored to ensure the predicted fatigue allowables are not 
being exceeded. 

The levels of load which should not be exceeded at the monitoring stations 
are as follows: 


Sta. Uo 
Sta. 370 I 


Flapwise Bending Moment In-Lbs. 


Normal Operation 
Stop/start Steady 
+ Cyclic 

700,000 

250,000 


Cyclic Component 
1/2 Peak to Peak 
>- 10 Cycles 

350,000 

30,000 


Max. Total 
Transient 
<Tl000 Cycles 

1.5 X 10 

600,000 


Sta. 40 
Sta. 370 


Chord Bending Moment In-Lbs» 


Normal Operation 
stop/start Steady 
+ Cyclic 

600,000 


Cyclic Component 
1/2 Peak to Peak 
:>10^ Cycles 

450,000 


Max. Total 
Transient 
<^1000 Cycles 

K — 

2.2 X 10 


250,000 


100,000 


450^000 
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The above monitor loads should be used as a guide for exceedence of strength 
levels and fatigue damage appraisal, Inadvertant exceedence does not 
necessarily mean the blade is damaged but may be cause for inspection. 
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CELL 1 front CELL 2 roar 


2A= 741.13 300.30 
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LATERAL LOCATION OF SHEAR CENTER AHEAD OF MID SPAR* 
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In-1b 

1 


-39.42 

-2.43 

C. "0 

0.00 

-0.02 

2 


-7.68 

-10.73 

c.ro 

n.cc 

-0.11 

3 


-I.IG 

-10.69 

O.PO 

0.00 

n, rq 

4 


6. 12 

-8.40 

0.00 

n.co 

0.26 

5 


10.51 

-5.23 

0. on 

o.on 

0,23 

6 


12.96 

0.15 

c.on 

n.nn 

0.30 

7 


10.58 

5.55 

0 . 00 

9.00 

0.26 

8 


C.K 

8.33 

b.oo 

0. 00 

0.08 

.0 


-1.4 4 

10.85 

0.00 

0.00 

-0.11 

10 


-7.50 

10.43 

O.PO 

0.00 

-0.03 

11 


-33.42 

-0.23 

o.on 

9.00 

-0.03 


SUPPLF.MRNTAL DATA 


CFLL 1 front CELL 2 rear 


697.73 


7U3.30 


correction shear flow -0.2fl -0.02 

"I due to torsion -0.03 -0.01 

LATERAL LOCATION OF SHEAR CENTER AHEAD OF fllD SPAR. 


B 









LOCKHEED-CALfFORNIA COMPANY 

A DJVISION OF LOCKHEC-O AIRCRAFT CORPORATION 


PREPARED BY 




BLADE SB.CTI OKI PROPERTIES 


W INDMILL STA 12S 
INPUT DATA 


GRID PT 

X In 

Z In 

A In2 

T In 


1 

-38.12 

-2.18 

0.59 

0.04 


2 

-7.68 

-9.40 

1.72 

0.25 


3. 

-1.20 

-9.48 

2.85 

0.25 


4 

6.32 

-7.76 

3.19 

0.25 


5 

11.13 

-4.83 

1.25 

0.25 


6 

13. 30 

-0. 36 

1.34 

0.25 


7 

12.05 

4.40 

1.25 

0.25 


8 

7.37 

7.70 

3.19 

0.25 


9 

-0.08 

9.47 

2.85 

0.25 


10 

-6.50 

9.10 

1.72 

0.04 


11 

-38.12 

-0.30 

0,59 

0.08 





^ 20 S4- 



XLA In 

ZLA In 

XMS In 

ZMS In 

HMS In 

2. 

,22 

0.00 

-7.09 

0.00 

18.50 

SX 

1b SZ 1b MX 

In-lb MY 

In-lb MZ 

In-lb 


0 

10 

0 

0 

0 

CALCULATED DATA 





XBAR 

ZBAR 

Elxx EIzz Elxz 

0.85 

-0 

.16 

1.24E+10 

2.75E-10 

1.28E+09 


TMS In G E 

0.08 4.00E+06 l.OOE+07 


PT 

X-XBAR 

Z-ZBAR 

LOAD 

STRESS 

q In-Ib 

1 

-38.97 

-2,02 

0.00 

0.00 

-0.04 

2 

-8,53 

-9.24 

0.00 

0.00 

-0.12 

3 

-2.05 

-9.32 

0.00 

0,00 

0.09 

4 

5,47 

-7.60 

0.00 

0,00 

0.29 

5 

10.28 

-4.67 

0.00 

0.00 

0.35 

6 

12.45 

-0.20 

0.00 

0.00 

0.35 

7 

11.20 

4.56 

o.no 

0.00 

0.31 

8 

6,52 

7.86 

0.00 

0.00 

0.12 

9 

-0.93 

9.63 

0.00 

0.00 

-0.10 

10 

-7.35 

9.26 

0.00 

0.00 

-0.04 

11 

-38,97 

-0.14 

0.00 

0.00 

-0.04 


SUPPLEMENTAL DATA 

CELL 1 front CELL 2 rear 
2A> 632.44 630.93 

correction shear flow -0.19 -0.03 

Q due to torsion -0.05 -0.02 

LATERAL LOCATION OF SHEAR CENTER AHEAD OF MID SPAR- 13.58 


o 










PREPARED BY . DATE 

3/7 -S 

LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEFD AIRCRAFT CORPORATION 

PAOK 

5 -A. 5 

CHECKED 

T 

1 loo \cyj . WINDMILL f^LAOE 

E 

MODEL 

clitoS 

APPROVED 

REPORT NO. 

i-7/ S3 


BLADE. SECTION 

properties 





WINDMIU. -ST A 1C 7. 5 






iVPLiT nATA 






1R1D PT X in Z in 

A In2 T In 





1 -38. 5S -1.C3 

''.32 0.04 





2 -8.CA -7.G2 

1.72 0.25 





3 -1.88 -7.7j 

2.0'' P.25 





4 5.7 2 -P..2 4 

3.10 0.25 





5 10. C7 -4.38 

1.2.5 0.25 





G 13.02 0.08 

1.54 0.2.5 





7 10. C3 4.05 

1.2.5 0.25 





8 G.5S 0.44 

2.67 0.25 





9 -0.38 7.01 

3.00 0.25 





10 -7.32 7.30 

1.72 0.04 





11 -30. 5S -C.42 

0.32 O.OC 





r, I0 78 





XLA In Z LA 1 n 

X' S In 2MS In 

HILO 

In TMS In 

c 

F 

1.83 O.OC 

-7.06 O.C'i 

15. 

'52 0.o« 

605 + 06 

3.cnr+o7 

SX 1b SZ lb f.X In-is MY In-1h (!Z 

In-lb 




0 10 

0 0 

0 




CALCULATED DATA 





j 

XBAR ZCAR El XX 

EIzz Elxz 




1.22 -0.12 3. 

21E + 09 l.OlE + n 

8.50E+0S 



GRID PT X-XDAP. 

Z-ZDAR LOAD 


STRr.c;.'-, q 

In-lb 


1 -39.30 

-1.51 

0. n'l 

0 . no 

-'1. P5 


2 -0.82 

-7.50 

n.po 

'1.00 

-P.16 


3 -3.1c 

-7. 67 

O.C'i 

0.00 

l> *5 fN 


4 4.50 

-6.12 

O.OC 

O.O'l 

o!35 


5 0.45 

-4.26 

0.00 

0. on 

« 1 0 


3 11. OC 

0 . 20 

n.rn 

3. 00 

'' . 63 


7 0.46 

4.77 

0.00 

0.00 

0.36 


8 5.36 

6.56 

0.00 

0. '10 

0.15 


3 -1.60 

7.73 

O.'-O 

0. ''0 

-0.13 


10 -8.54 

7.42 

O.PR 

0.02. 

-2. '■•4 


11 -30.80 

-0.3'" 


a. '■i.o 

-P. "O 


GL'PPI.E8 EIJTAL DATA 






CELL 

1 front CELL 2 rear 




2A° 530.45 4S2.59 





correction shear flo\; -Q 

.24 -0.03 





'( riue to torsion -0 

.06 -C.O.o 





LATERAL LOCAT 1 OM OF SHEAR 

CERTER VIEAD OF MID 

SP"'!* 

13.03 














LOCKHEED-CALIFORNtA COMPANY 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


100 K-yj . wiNDKit v_u Blade 


PAOC 

3. A. (> 


REPORT NO. 

iTiSS 


BLADE section PRQPEFg.TIES 


l.'ltlDtll LL STA 2 35.0 
INPUT DATA 


GRID ?T 

X I n 

Z In 

A I n2 Tin 




1 

jk 

- 3 G . 25 

- 1.48 

0.32 0.04 




2 

- 8 . 22 

- 6 . 72 

1,72 0.25 




3 

- 2 . 27 

- 6.90 

2 . 5 G 0.25 




4 

5.14 

- 4.82 

3.19 0.25 




5 

10 . 10 

- 3.82 

1.25 0.25 




G 

12. 34 

0.07 

1.25 0.25 




7 

10.93 

3 . 57 

0.75 0.25 




3 

7. IS 

5.46 

2,94 0.25 




9 

- 0 . 15 

G . 77 

3.00 0.25 




10 

- 7 . 04 

G .43 

1.72 0.04 




11 

- 3 G . 25 

- 0 . 30 

0.32 0.08 







19 -02 




XLA 

I n 

ZLA in 

XIIS in ZMS In 

HMS in 

TMS In 

G 

1. 54 

0.00 

-7.63 0,00 

15.26 

o.os 

4 . 00 E + 0 e 

SX 1b 

SZ 

lb MX 

In«Ib MY In- 1b HZ 

I n-lb 



0 


10 

0 0 

0 



CALCULATED 

DATA 






XBAP. 

ZilAI! 

Elxx EIzz EIxz 



0.95 

U. 

02 5 

. 99 E +09 i . 63 E +10 

9 . 24 E +08 



GRID PT 

X-XUAR 

Z-ZBAR LOAD 

STRESS 

■ q 

I n- 1 b 

1 


- 37.20 

- 1 . 50 

0.00 

0.00 

- 0 . OG 

2 


- 9.17 

-G. 74 

0.00 

0 . 00 

- 0.17 

3 


- 3.22 

- 6.92 

0.00 

0.00 

0.12 

4 


4.19 

- 4.84 

0.00 

0.00 

0.39 

5 


9 . 15 

- 3.84 

0.00 

0.00 

0.48 

G 


11. 30 

0.05 

0.00 

0.00 

0.49 

7 


10.03 

3.55 

0.00 

0.00 

0.45 

8 


G .23 

5.44 

0.00 

0.00 

0 . 20 

9 


- 1.10 

G .75 

0.00 

0.00 

- 0.14 

10 


- 7.09 

G . 4 G 

0.00 

0.00 

- 0.05 

11 


- 37. 20 

- 0.52 

0.00 

0. CO 

-0. OG 


SUPPLEMENTAL DATA 


CELL 1 front CELL 2 rear 


439.20 


410.51 


correction shear flow -0.28 

Q due to torsion -0.07 


l.OOE+07 


LATEIIAL LOCATION OF SHEAR CENTER AHEAD OF MID SPAR 


13.29 









PREPARED BY . , DATE 

y-7 5 

LOCKHEED-CALtFORNIA COMPANY 

A DlV(S\ON OF LOCKHEED AIRCRAFT CORPORATION 

PAOC 

3. A. 7 

CHECKED 

T 

T JOO KW WINDi^UL,L 

E 

MODEL 

CLI*70« 

APPROVED 



BL<\DE. section properties 


WINDMILL STA 301 
INPUT DATA 


PT 

X In 

Z In 

A tn2 

T 1 

1 

-33.10 

-1.23 

0.31 

0.04 

2 

-6.92 

-5.67 

1.72 

0.25 

3 

-1.42 

-5.78 

2.46 

0.25 

4 

4.88 

-4.86 

2.69 

0.25 

5 

8.81 

-3.56 

1.00 

0.25 

6 

11.32 

-0.40 

1.15 

0.25 

7 

9.72 

3.16 

1.00 

0.25 

8 

6.19 

4.62 

2.69 

0.25 

9 

-0.44 

5.66 

2.75 

0.25 

10 

-6.94 

5.40 

1.72 

0.04 

11 

-33.10 

-0.20 


0.08 


XLA In 
1.14 


ZLA In 

0.00 


17^0 
XMS In 
-6.93 


ZMS In 

0.00 


HMS In 
11.07 


TMS In 

0.08 


4.00E+06 l.OOE+07 


SX lb SZ 1b MX In-lb MY In-lb MZ In-lb 
0 10 0 0 0 

CALCULATED DATA 

XBAR ZBAR ■ • Elxx Elzz EIxz 

0.69 -0.06 4.19E+09 1.32E+10 3.90E+ 

GRID PT X-X8AR Z-ZBAR LOAD 

1 -33.79 -1.17 0.00 

2 -7.61 -5.61 0.00 

3 -2.11 -5.72 0.00 

4 4.19 -4.80 0.00 

5 8.12 -3.50 0.00 

6 10.63 -0.34 0.00 

7 9.03 3.22 0.00 

8 5.50 4.68 0.00 

9 -1.13 5.72 0.00 

10 -7.63 5.46 0.00 

11 -33.79 -0.14 0.00 

SUPPLEMENTAL DATA 

CELL 1 front CELL 2 rear 
2A- 344.97 316.67 

correction shear flow -0.35 -0.04 

Q due to torsion -0.08 -0.02 

lateral location of SHEAR CENTER AHEAD OF MID SPAR- 


Elxx 

Elzz 

El xz 



4. 

19E^»09 1.32E^f10 

3.90E^f08 



iR 

Z-ZBAR LOAD 

STRESS 

q In-lb 

■33.79 

-1.17 

0.00 

0.00 

-0.06 

-7.61 

-5.61 

O.OO 

O.OQ 

-0.21 

-2.11 

-5.72 

0.00 

0.00 

0.12 

4.19 

-4.80 

0.00 

o.oq 

0.44 

8.12 

-3.50 

0.00 

0.00 

0.53 

10.63 

-0.34 

0.00 

o.od 

0.55 

9.03 

3.22 

0.00 

0.00 

0.47 

5.50 

4.68 

0.00 

0.00 

0. 18 

-1.13 

5.72 

0.00 

0.00 

-0.19 

-7.63 

5.46 

0.00 

0.00 

-0.05 

■33.79 

-0.14 

0.00 

0.00 

-0.06 










FORM 362B.2 



LOCKHEED-CALIFORNIA COMPANY 

A DiVISlON OF LOCKHEFO AIRCRAFT CORPORATION 

CHECKED 

T 

T loo kw WINDMILL ©LADE 

E 

APPROVED 


B>L^DE■ SECTtOKI PR.QPE,RTt&S 

WINDMI LL STA 389.0 


INPUT DATA 


GRID PT 

X In 

Z In 

A In2 

T In 



1 

-28.80 

-1.32 

0.30 

0.04 



2 

-5.70 

-4.47 

1.72 

0.25 



3 

-1.30 

-4.51 

1.82 

0.25 



4 

4.43 

-3.74 

3.19 

0.25 



5 

8.94 

-2.26 

0.75 

0.25 



6‘ 

10.07 

0.00 

0.60 

0.25 



7 

8.72 

2.27 

0.75 

0.25 



8 

5.40 

3.49 

2.68 

0.25 



9 

-0.14 

4.33 

2.25 

0.25 



10 

-5.50 

4.15 

1.72 

0.04 



11 

-28.80 

-0.18 

0.30 

0.08 






16-06 




XLA 

In ZLA In ^ 

XMS In 

ZMS In 

HMS In TMS In 

G 

1.09 

0.00 

-5.60 

0.00 

11.20 0.08 

4.00E+06 

SX 

1b SZ lb MX In-lb MY tn-lb MZ 

In-lb 



0 

10 

0 

0 

0 


CALCULATED DATA 






XBAR 

ZBAR 

Elxx 


EIzz Elxz 


0.54 

-0 

.13 2. 

28E+09 

9.22E-^09 

2.52E-^08 


GRID PT 

X-; 

XBAR 

Z-ZBAR 

LOAD 

STRESS q 

In-lb 

1 


-29.34 

- 

1.19 

0.00 0.00 

-0.08 

2 


-6.24 

- 

4.34 

0.00 0.00 

-0.24 

3 


-1.84 

- 

4.38 

0.00 0,00 

0.10 

4 


3.89 

- 

3.61 

0.00 0.00 

0.63 

5 


8.40 

- 

2.13 

0.00 0.00 

0.70 

6 


9.53 


0.13 

0.00 0.00 

0.71 

7 


8.18 


2.40 

0.00 0.00 

0.64 

8 


4.86 


3.62 

0.00 0.00 

0.23 

9 


-0.68 


4.46 

o.no 0.00 

-0.2 2 

10 


-6.04 


4.23 

0.00 0.00 

-0.08 

11 


-29.34 

- 

0.05 

0.00 0.00 

-0. 09 

SUPPLEMENTAL DATA 







CELL 

1 front CELL 2 rear 


2A- 


227.33. 

226.28 



correction shear 

flow -0 

.43 

-0.05 



D due to 

tors 1 on 

-0 

.13 

-0.04 



LATERAL 

LOCAT 1 ON 

OF SHEAR 

CENTER 

AHEAD OF MID 

SPAR- 10.61 



PAOE 

MODEL _ 

CU7C>8 

REPORT NO. 

a7/53 


1,00E*07 











PREPARED BY DATE 

LOCKHEED-CALIFORNIA COMPANY 

A DIVISION OF LOCKHEFO AIRCRAFT CORPORATION 


CHECKED 

T 

T loo Kw wiMOMiUL Blade. 

E 

MODEL 

CLI^O?^ 

APPROVED 



Wltiom LL STA 1*77 


I fiPUT OATA 


CRin PT 

X in 

Z i n 

A In2 

T In 





1 

-24.80 

-0.00 

0.27 

0.04 





2 

-4.27 

-3.27 

1. 72 

0.25 





3 

-0.25 

-3. 2G 

1.73 

0.25 





ii 

4.4? 

-2 4 2 

2.38 

0.25 





S 

7. 12 

-1.05 

0. GO 

0.25 





G 

3.48 

-0.03 

0. 70 

0.25 





7 

7.40 

1.73 

0.50 

0.25 





a 

4.35 

2.54 

2.33 

0.25 





0 

0.07 

3.24 

1.32 

0.25 





10 

-4. 10 

3,10 

1.72 

0.04 





11 

-24.30 

-0.20 

0.27 

0.03 








J l+'O-? 






XLA 

1 n 

ZLA in 

XMS I 

n ZMS 1 n 

MMS In 

TMS In 

G 

E 

1.04 

0. 00 

-4.23 

0,00 

6. 37 

0.03 4 

.OOE+OG 

l.OOE+07 

SX 

1b 

SZ lb MX 

1 n- 1 b 

MY In- lb MZ 

In-Ib 





0 

10 

0 

0 

0 




CALCU<.ATED DATA 








XGAR 

ZUAR 

El XX 

El22 

El X2 




0< 55 

• 

0.03 

1.05E+09 G.OOE+09 

1. 27E+08 




GRID PT 

X 

-XDAR 

Z-2DAR LOAD 

STRESS o 1 

n™ 1 b 


1 


-25. 35 


-0.37 

0,00 

o.po 

-0.03 


2 


-4.82 


-3.24 

0.00 

0. 00 

-0, 50 


3 


-0.30 


-3. 23 

0.00 

0.00 

o! 23 


4 


3.37 


-2.39 

0.00 

0.00 

0. 79 


5 


G. 57 


-1.92 

0,00 

0. bo 

0.90 


6 


7,03 


-0,05 

0. 00 

0.00 

0. 92 


7 


6.85 


1.81 

0.00 

0.00 

0. 34 


2 


4 . 30 


2.57 

0.00 

0. no 

0.23 


y 


-0.48 


3.27 

0.00 

0.00 

-o! 28 


10 


-4 . 74 


3.13 

0.00 

0.00 

-0. 08 


11 


-25. 35 


-0.17 

0.00 

0.00 

-0, 09 



SUPPLEMENTAL DATA 



CELL 1 front 

CELL 2 

2A= 

134,82 

145,39 

correction shear flo*< 

-0.G3 

-O.OG 

Q due to torsion 

-0.14 

7A 

O 

0 

1 


LATERAL LOCATION OF SMEAR CENTER AHEAD OF MID SPAR- 


■n 

0 

7t 

S 

u 

o 

10 

a 

N 


7.G5 





PREPARED BY y DATE 

LOCK H E E D-CA U FOR N 1 A COMPANY 
A DIVISION OF LOCKHEFD AIRCRAFT CORPORATION 

PAOC 

3. A- 10 

CHECKED 

T 

T loo Kw \N iKi Di^uuL. Blade 

E 

CLI70S 

APPROVED 



BLAyPE. SECTlOKt PR.OPe.feTlES 


l/li:Oi;iLL STA 5Gg 
INPUT IJATA 

GPU) PT X in Z In A I n2 T in 

1 -21.17 -0.G7 0.14 0.04 

2 -3.03 -2.23 1.59 0.25 

3 0.13 -2.22 1.31 0.25 

4 4.09 -1.G5 2.25 0.25 

5 G.50 -1.21 0.37 0.25 

G 7.27 -0.2G 0.23 0.25 

7 G.43 1.00 0.50 0.25 

8 3.78 1.81 2.25 0.25 

9 -0.05 2.18 1.31 0.25 

10 -3.10 2.15 1.59 0.04 

11 -21.17 -0.30 ^ 0.1 4 0.08 

£ «-73 

XLA in ZLA in XIIS in ZfIS in lll'.S in ThS In G E 

1.00 0.00 -3.09 0.00 4.43 0.08 4.00E+00 l.OOE+07 


GX lb 

SZ lb MX In- lb MY In- 

■1b 

MZ 

in-lb 



0 

10 

0 

0 


0 



CALCULATED 

DATA 







XCAR 

ZBAR El XX 

EIzz 



El X2 



Os 34 

o 

o 

0 

1 

29E-^08 2. 

G8E+09 

2.83C-^07 


GRID PT 

X-XCAR 

Z-ZDAR 

LOAD 


STRESS 

q I n- 1 b 

1 

-22.01 

-0.6 7 



0.00 

0.00 

-0.09 

2 

-3.92 

-2.23 



0.00 

0. 00 

-0.39 

3 

-O.GG 

-2.22 



0.00 

0. 00 

0.28 

4 

3.23 

-1.65 



0.00 

0.00 

I.IC 

5 

5.GG 

-1. 21 



0.00 

0.00 

1.27 

6 

6.43 

-0.26 



0.00 

0. 00 

1.29 

7 

5. 64 

1.00 



0.00 

0.00 

1.18 

3 

2.94 

1.31 



0.00 

0.00 

0.25 

9 

-0.39 

2. 13 



0.00 

0.00 

-0.42 

10 

-3.94 

2.15 



0.00 

0.00 

-0.11 

11 

-22.01 

-0.30 



o.oc 

0.00 

-0.11 

SUPPLEMENTAL DATA 








CELL 

1 front 

CELL 

2 

rear 




2A= 74.49 36.79 

correction shear fiov/ -1.04 -O.OG 

Q due to torsion -0.20 -0.04 


lateral location of shear center ahead of mid SPAR' 


5.91 










FORM 362B-2 


PREPARED BY DATE 

LOCKHEED-CALIFORNIA COMPANY 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

CHECKED 

T 

[. too KW WIMDMILL BUADF 

E 

MODEL ^ 

CL\‘70g 

APPROVED 

REPORT NO. 

2n 1 53, 


section pB.OPER.Tie. c, 


HINDMIU STA G09 
It.'PUT i>ATA 


PT 

X in 

Z in 

A In2 

T ii 

1 - 

19.10 

-0. 73 

0.14 

0.04 

2 

-U. 70 

-1.34 

1. 50 

0.25 

3 

2.0'J 

-1.35 

0.35 

0.25 

i| 

3. 49 

-1.50 

0.75 

0..»7 

3 

4.35 

-1. 20 

0.47 

0.12 

‘G 

5.93 

-1.02 

0.12 

0. 12 

7 

G. 53 

-0.10 

0.13 

0.12 

u 

5.35 

0.9 7 

0.13 

0.12 

■J 

4 . 5 ii 

1.39 

0.4 7 

0.37 

10 

3.22 

1.73 

0.75 

0.25 

11 

2.02 

1.99 

0.23 

0.25 

12 

-0.^3 

1.37 

1. 50 

0.04 

13 - 

19. IG 

-0.43 

0.14 

ZTTo 

0.12 

XLA 1 
1.00 

n 

ZLA in 
0.00 

xr.s in 
- 0 . so 

Zl 

A lb 

SZ 

Ib MX 

In- lb I1Y 

i n- 1 b 


10 


0.00 

IIZ in- lb 
0 


MMS in 
3.71 


Tl'.r, in 
0.08 


4.nOE+OC> 


l.OOE+07 


cai.cui.ate:) data 


XBAn 


ZUAP. 


Cl XX 


F.lzz 


Elxz 


0.02 -0.00 1 

.87E+0S I.SGEtOO 

4.13E+07 



GRID PT X-XIIAR 

Z-ZUAP, LOAD 

STRC 


q 1 n- 1 !) 

1 -20.03 

-0.73 


0.90 

0.00 

-P. 13 

2 -1.02 

-1.34 


0.00 

0.00 

-0.20 

3 1.17 

-1.35 


0.00 

0.00 

0.09 

4 2.57 

-1.50 


0.00 

o.ou 

0.72 

5 3.93 

-1.20 


0.00 

0.00 

1.05 

0 5.01 

-1.02 


0.00 

0. 00 

1. 12 

7 5.03 

-0. 10 


0.00 

0 . no 

1. 15 

8 4.93 

0.97 


0.00 

0.00 

1.07 

9 3.02 

1.39 


0.00 

0.00 

0. 74 

10 2.30 

1. 73 


0.00 

0.00 

0 . J 7 

11 1.10 

1.99 


0.00 

o.ou 

-0. 17 

12 -1.40 

1.37 


0.00 

0.00 

-0.14 

13 -20.03 

-0.43 


0.00 

0.00 

-0.15 

SUPPLEMEHTAL DATA 






CELL 1 front CELL 

2 

rear 



2A= 

43. 6G 74 

. 33 




correction shear flow 

1.50 -0, 

08 




D due to torsion 

o 

1 

cv 

o 

07 





LATCr.AL LOCAirON OF .SHEAR CEfJTER AHEAD OF MID SPAR= 


3. 20 











PREPARED BY tJ DATE 

^ r 3y "75 

LOCKHEED- CALI FORMA COMPANY 

A DIVISION OF LOCKHEFD AIRCRAFT CORPORATION 

PAQC 

i.A»2 

CHECKED 

T 

T 100 kiw. Windmill (5uad& 

E 


APPROVED 



BL-KDE, S£CTIQM PRQPef^TlE,S 


WINDMILL STA 653 


INPUT DATA 


GRID PT 

X In 

Z In 

A In2 

T In 





1 

-17.08 

-0.50 

0.14 

0.04 





2 

0.95 

-1.52 

0,37 

0.37 





3 

1.86 

-1.45 

0.26 

0.25 





4 

3.08 

-1.33 

0.40 

0.12 





5 

4.42 

-1.17 

0.12 

0.12 





6 

5.34 

-0.8 6 

0.12 

0.12 





7 

5.88 

-0.08 

0.14 

0.12 





8 

5.28 

0.70 

0.12 

0.12 





9 

4.37 

1.19 

0.12 

0,12 





10 

3.13 

1.43 

0.40 

0,25 





11 

1.86 

1.56 

0.26 

0.37 





12 

0.98 

1.61 

0.37 

0.04 





13 

-17.08 

-0.18 

0.14 

0.12 














XLA In 

ZLA In 

XMS In ZMS 

1 n 

HMS 

In TMS In 

G 

1. 

,00 

0.00 

1.86 

0. 

00 

3. 

01 0.12 

4.00E+06 

SX 

lb SZ lb MX 

In-lb MY In-lb 

MZ 

In-lb 




0 

10 

0 

0 


0 



CALCULATED DATA 



EIzz 





XBAR 

ZBAR 

El XX 

Elxz 



0.88 

-0 

.01 5 

,08E+07 

1.06E+09 

1.72E+07 


GRID PT 

X- 

XBAR 

Z-ZBAR 

LOAD 


STRESS q 

In-lb 

1 


-17.96 

- 

•0.49 


0.00 

0.00 

-0.23 

2 


0.07 

- 

1.51 


0.00 

0.00 

0.89 

3 


0.98 

- 

1.44 


0.00 

0.00 

-0,87 

4 


2.20 

- 

•1.32 


0.00 

0.00 

0,20 

5 


3.54 

- 

•1.16 


0.00 

0,00 

0.50 

6 


4.46 


0.85 


0.00 

0.00 

0.73 

7 


5.00 


0.07 


0.00 

0.00 

0.78 

8 


4.40 


0.71 


0.00 

0.00 

0.62 

9 


3.49 


1,20 


0.00 

0.00 

0.34 

10 


2.25 


1.44 


0.00 

0.00 

-0.77 

11 


0.98 


1.57 


0.00 

0.00 

0.94 

12 


0,10 


1.62 


0.00 

0,00 

-0.26 

13 


-17.96 

- 

•0.17 


0.00 

0.00 

-0.29 


SUPPLEMENTAL DATA 



CELL 1 front 

CELL 2 rear 

2A- 

18.25 

67.74 

correctlon shear 

flow -2.26 

-0.11 

Q due to torsion 

-0.54 

-0.18 


fi 

0 

9 

z 

w 

0> 

10 

■ 


LATERAL LOCATION OF SHEAR CENTER AHEAD OF MID SPAR- 


1.36 









PREPARED BY DATE 

LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEPD AIRCRAFT CORPORATION 

PAOE 

3.A. i3 

CHECKED 

T 

T (OO KW WINDMILL BLADE 

E 

MODEL 

Cl-^7oS 

APPROVED 



se.cTtoKj pg.Qpe.^TiE^ 




INPUT DATA 


GRID PT 

X In 

Z In 


A In2 

T In 




1 

-14.97 

-0.43 


0.14 

0.04 




2 

1.02 

-1.20 


0.37 

0.37 




3 

1.85 

-1.08 


0.26 

0.25 




4 

2.84 

-1.12 


0.25 

0.12 




5 

3.80 

-0.95 


0.12 

0.12 




6 

4.72 

-0.72 


0.10 

0.12 




7 

5.20 

-0.18 


0.10 

0.12 




8 

4.72 

0.50 


0.12 

0.12 




9 

3.80 

0.93 


0.12 

0.12 




10 

2.82 

1.10 


0.25 

0.12 




11 

1.90 

1.18 


0.26 

0.12 




12 

1.02 

1.25 


0.37 

0.04 




13 

-14.97 

-0.15 


0.14 

0.12 








2-60 





XLA 

1 n 

ZLA In 


XMS In ZMS In 

HMS In 

TMS, In 

G 

1. 

00 

0.00 


1.87 

0.00 

2.26 

0.12 

4.00E+06 

SX 

lb SZ lb MX 

In 

i-lb 

MY In-lb MZ 

In-lb 




0 

10 


0 

0 

0 



CALCULATED DATA 








XBAR 

ZBAR 

Elxx 


EIzz 

Elxz 



0.57 

-0 

.03 2 

.74E+07 

7.98E+08 

1.17E+07 



GRID PT 

X- 

XBAR 


Z-ZBAR LOAD 

STRESS 

q 

In-lb 

1 


-15.54 



-0.40 

0.00 

0.00 

-0.51 

2 


0.45 



-1.17 

0.00 

0.00 

1.32 

3 


1.28 



-1.05 

0.00 

0.00 

-0.95 

4 


2.27 



-1.09 

0.00 

0.00 

0.08 

5 


3.23 



-0.92 

0.00 

0.00 

0.53 

6 


4.15 



-0.69 

0.00 

0.00 

0.80 

7 


4.63 



-0.15 

0.00 

0.00 

0.88 

8 


4.15 



0.53 

0.00 

0.00 

0.67 

9 


3.23 



0.96 

0.00 

0.00 

0.25 

10 


2.25 



1.13 

0.00 

0.00 

-0.75 

11 


1.33 



1.21 

0,00 

n.oo 

1.41 

12 


0.45 



1.28 

0.00 

0.00 

-0.34 

13 


-15.54 



-0.12 

0.00 

0.00 

-0.40 

SUPPLEMENTAL DATA 









CELL 

1 front CELL 2 

rear 



• 

< 

CM 



11 

..70 

47.67 




correction shear 

flow 

3. 

00 

-0.15 





Q due to torsion -0.69 -0.24 

LATERAL LOCATION OF SHEAR CENTER AHEAD OF MIO SPAR- 


1.09 








PREPARED BY yj DATE 

LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3.A.I4- 

CHECKED 

T 

1 100 K.Vn/. WtKJDNi 1 L.L BL.ADE, 

E 

MODEL _ - 

C L t70$ 

APPROVED 

REPORT NO, 


CA.5E L L^O^D& . 


UINDMI LL STA 48,00 


SX lb 

SZ 1b MX In- 

lb MY In 

-lb 

MZ In- lb 



230 

9330 

0 

0 

0 



CALCULATCa 

DATA 






XDAR 

ZDAR El XX 

EIzz 


El xz 



1.60 

0.22 1.8SE+10 2.1 

65E+10 2.20E+07 


GRID PT 

X-XBAR Z 

-ZBAR 

LOAD 

STRESS 

q I n-1 b 

1 

-40.16 

-2,72 


0.00 

0.00 

-10,00 

2 

-7.00 

-12.03 


0.00 

0.00 

-102.21 

3 

-0.65 

-11.64 


0.00 

0.00 

04.65 

4 

6.40 

-8.90 


0.00 

0,00 

202. 70 

5 

10.54 

-5.15 


0.00 

0.00 

227. 12 

G 

11,50 

0,03 


0.00 

0.0'n 

218. 30 

7 

9,62 

6.33 


0.00 

0.09 

186.13 

<J 

5.10 

9,65 


0.00 

0.00 

20.73 

0 

-2,53 

11,50 


0.00 

0.00 

-123.08 

10 

-8.51 

10,90 


0.00 

0.00 

-30,03 

11 

-40.16 

-0.73 


0.00 

0.00 

-25. 33 

SUPPLEMENTAL DATA 







CELL 1 

front 1 

CELL 

2 rear 



2A= 

741. 

13 

809. 

39 




corroctEon shear flow -217. G1 -22,06 

Q due to torsion -7.40 -2,01 

MY Q shear center® -7910,11 
sum 2A*q= 2.454E+05 
Vertical Imbalance^ -0,00 


q (1 nld.spar* 199,23 


*»i 

0 

» 

z 

u 

(n 

ro 

D 











FORM 362B-2 


LOG K H E ED . C A LI FO R N I A COMPANY 

A DIVISION OF DOCKHE^'D AIRCRAFT CORPORATION 


prepared by j/ DAlt 


BA.lS 


checked 


APPROVED 


! loo K.W WINDMILL BL^DE. 


MODEL _ _ 

CLI-70S 


REPORT NO. 

a~7i 5J 


CK&E I MEAN LOADS 


Ria UEArT.OGTA ol.SO 


GX lb GZ lb MX Iti-lb I'.Y i n- 1 b r.Z In-lb 
-G8 -11920 0 C7b0 ’ 0 


CALCULATEP DATA 

XEAD ZDAI! Elxx E 1 22 Elx 2 


1.02 

-0.09 1. 

59E+10 2.' 

93E+10 

9.OCE+0S 



grid PT 

X-XBAP. 

Z-ZBAR 

LOAD STPEG 

S 

q i n- 1 b 

1 

-39.42 

-2.43 


0.00 

0. 00 

30. G3 

2 

-7. 68 

-10. 73 


0.00 

0.00 

134.22 

j 

-1. 1C 

-10. G9 


0.00 

0.00 

-97. (-.5 

4 

G. 12 

-0.40 


0.00 

0. 00 

-302. 75 

9 

10. 51 

-9.23 


0.00 

0.00 

-344. 17 

G 

12. OG 

0.15 


0.00 

0. 00 

-340. .82 

7 

10.58 

5.55 


0.00 

0. 00 

-307. 39 

O 

0.10 

8.93 


0. 00 

0.00 

-89.83 

9 

-1.44 

10.85 


0.00 

0. 00 

134. o7 

10 

-7. 50 

10.43 


0.00 

0. no 

32.92 

11 

-39.42 

-0.23 


0.00 

0.00 

37. OS 

SUPPLEIiENTAL 

DATA 







CELL 

1 front 1 

CELL 2 

rear 



2A= 

G97. 73 

74 3. 30 



correction shear flov; 237 

.47 

20.54 




P due to torsion 38 

.89 

10.74 





f;Y Q shear center= 19099.47 


sun 2A*<| = -3. l'J9E + 09 
Vertical mbalaiice= 0.00 
r) 0 ni il si>ar= -259 . 24 












PREPARED BY DATE 

LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3 . K.li 

CHECKED 

T 

T loo 14 W . Na/IKIDMiUL 

E 

MODEL 

CLI7«>S 

APPROVED 



CAvSe \. MEKKI LO^DS . 


in’JDMILL GTA 81.50 


SX lb 

SZ lb 

MX 

In-lh MV In-lb 

MZ In-lb 



-1030 

2665 


305500 -6760 

-38200 



CALCULATEn 

DATA 






XSAR 

ZBAR 

El XX El27. 

El XX 



1.02 

-0.05 


1.59E+10 2.93E+10 9.08E+08 


CRin PT 

x-xr.AR 


Z-ZBAR 1 

LOAn 

STRESS 

q In-lb 

1 

-30. 

42 

-2.43 

476.37 

744.33 

-18.15 

2 

-7. 

68 

-10.73 

3628.85 

2109.80 

-50. C6 

3 

-1. 

16 

-10.69 

5962.39 

2056.00 

0.58 

4 

C. 

12 

-8 . 40 

4D94.C3 

1565.78 

54.37 

5 

in. 

51 

-5.23 

927.42 

927.42 

67.70 

6 

12. 

06 

0.15 

-218.15 

-114.21 

7-,.ir 

7 

10. 

53 

5.55 

-113S.24 

-1138.24 

72.01 

C 

It 

6 . 

10 

8.93 

-5805.94 

-1754.06 

30.34 

9 

-1. 

44 

10.85 

-5688.45 

-2068.53 

-22.02 

10 

-7. 

50 

10.43 

-3345.72 

-1945.13 

0.32 

11 

-39. 

42 

-0.23 

20C.64 

522.87 

-10.11 


SOFri.F.r.EMAL OATA 

C'l.l. 1 front CELL 2 rear 


2A= 637.73 743.30 

correction shear flow -53.78 -6.07 

(I flue to torsion -14.61 -4.04 

I'.Y Q shear center* -13136.87 
sum 2A*fi= 7.224E+04 
Vertical Imbalance* 
q mifl spar- 58.27 


0.00 









5 


LOC K H E E D-C A LI FO R N 1 A COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


PAGE 


CHECKED 

T 

T lOO kW. WIMDMIUL. blade 

E 

MODEL 

CL ncs 

APPROVED 




PREPARED BY 


BA .17 


CASE \ . MEAN LOADS . 


WINDMILL STA 125 

SX 1b SZ 1b MX ln-1b MY In-lb MZ In-lb 
-790 2760 287800 -1750 -52240 

CALCULATED DATA 


XBAR 

ZBAR El XX 

EIzz 

Elxz 



0.85 


-0.16 1. 

24E410 2. 

75E-»10 1. 2864^09 



GRID PT 


X-XBAR 

Z-ZBAR 

LOAD STRESS 

q In-lb 

1 


-38.97 

-2.02 

464.25 

786.86 

-19.43 

2 


-8.53 

-9.24 

3787.38 

2201.97 

-46.42 

3 


-2.05 

-9.32 

6176.44 

2167.17 

11.35 

4 


5.47 

-7.60 

5450.69 

1708.68 

73.03 

5 


10.28 

-4.67 

1241.72 

993.38 

91.28 

6 


12.45 

-0.20 

-74.26 

-55.42 

98.44 

7 


11.20 

4.56 

-1428.75 

-1143.00 

91.06 

8 


6.52 

7.86 

-5951.45 

-1865.66 

42.57 

9 


-0.93 

9.63 

-6306.14 

-2212.68 

-20.49 

10 


-7.35 

9.26 

-3568.29 

-2074.59 

-4.27 

11 


-38.97 

-0.14 

208.42 

353.25 

-13.10 

SUPPLEMENTAL 

DATA 







CELL 

1 front 

CELL 2 rear 




2A- 632.44 630.93 


correction shear flow -53.96 -7.96 

Q due to torsion -16.31 -5.14 

my @ shear center* -13561.03 
sum 2A*q* 7.665E*04 
Vertical Imbalance* 0.00 

q 0 mid spar* 57.18 










FORM 362B'2 


LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


PREPARED BY 




CHECKED 


APPROVED 


T lOO Kyj, WlMDMltU e>L.^OE 


PAGE 

3. A- 18 

MODEL 

CU IY08 


REPORT NO. 

a-y/ 


CASE. I. me:am loads 


Ult:n';ILI. GTA IS 7. 5 


r.A ih 

SZ lb 

f:x 

In-lb 

f!Y In-lh 

i‘Z In- lb 



-450 

2800 

0 

ninni 

-HOP 

-502 7'! 



CALCIjl.AT.ai 

RATA 







XF-A9 

zr.AR 

6 1 XX 

Fizz 

rixz 



1.22 

-0.12 

r\ 

.21F. + C9 

1.9ir.+ 10 3.59^ 

+ GG 


GRin PT 

X-XOAR 


Z-ZCAR 

LnAD 

STRFrr, 

q In-lb 

1 

-39. 

SO 


-1.51 

35?. 75 

1121.03 

-17.01 

2 

-9. 

82 


-7.50 

4350.20 

2532.71 

-52.43 

3 

-3. 

10 


-7.67 

0037. P4 

2477.80 

18.21 

4 

4. 

50 


-6.12 

5040.18 

1864.01 

91.08 

5 

.1. 

45 


-4.20 

1405.07 

1194.93 

114.02 

(i 

11. 

0 0 


n.?n 

-SI'S. 25 

-255.35 

120.01 

7 

9. 

4G 


4.77 

-2080.74 

-15G4.50 

104.04 

t 

5. 

3fi 


0.50 

-5780. 7P 

-2105.05 

49.10 

d 

-1. 

CO 


7.73 

-’7258 ! 74 

-2422.91 

-32.67 

in 

-S . 

5 4 


7.42 

-300.5.41 

-2212.45 

-9.10 

11 

-39. 

GO 


-0.30 

230.14 

737.94 

-13.72 


SUPPLY! rt.'TAL OATA 

cr.LL 1 front CfLI. 2 roar 


2A= 530.45 492.59 

correction shear flow -C7.97 -P..26 

Q Hue to torsion -19.07 -5.46 

^iY J shear center= -12S05.S3 
sum 2A*q= 7.9156 + 01' 

Vertical inhalance= 0.00 

0 G mIH spar* 73.31 










FORM 362B.2 


PREPARED BY . j DATE 

j/7S 

LOCKHEED-CALIFORNIA COMPANY 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

CHECKED 

T 

1 loo kw windmill blade 

E 

MODEL 

CU708 

APPROVED 

REPORT NO. 

S3 


C^SE I. LO^DS. 


WIHD.MI.L 5TA 235.0 


SX 11) 

SZ lb 

MX In- 11* 

MY In- 1b 

MZ in- 11* 



-295 

2750 

241200 

-780 

-54300 



CALCULATEU 

DATA 






XBAR 

ZDAP. 

El XX 

El zz 

El xz 



0.95 

0.02 

5.99E+09 

1.C8E+10 9.24E+08 


GRI.O PT 

X-XIIAR 

Z-ZOAR 

LOAD 

STRESS 

q 1 n- 1 b 

1 

-37. 

20 

-1.50 

314.20 

981,87 

-18.88 

') 

-9. 

17 

-6.74 

4805. 4P 

2703.87 

-54.21 

3 

-3. 

22 

-6.92 

7180.60 

2804.92 

24.64 

4 

4. 

19 

-4.84 

6046. 27 

1895.38 

102.20 

5 

9. 

15 

-3.84 

1804.70 

1443.76 

129.45 

() 

11. 

39 

0.05 

-172.50 

-158.00 

135.27 

7 

10. 

03 

3.55 

-1144.90 

-1526.55 

126.12 

i) 

b. 

23 

5.44 

-6599.91 

-2244.87 

59.55 

9 

-1. 

10 

6.75 

-8083. 67 

-2694.56 

-36.13 

10 

-7. 

99 

6. 46 

-4315. 12 

-2507.65 

-11.33 

11 

-37. 

20 

-0.32 

162.89 

509.03 

-15.99 


SUPPLEMENTAL DATA 

CELL 1 front CELL 2 rear 
2A= 1*39.20 410.51 

correction shear f)ov» -7G.03 -9.62 

Q due to torsion -21.00 -6.37 

MY G shear cent*:r= -12191.22 
sun 2A*<|= 7.423E+04 
vertical inba1ance= -0.00 


g G ni d spar =« 


2.45 











PREPARED BY DATE 

3/7S 

LOCKHEED-CALJFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3. A.iO 

CHECKED 

T 

T 100 K.W. WlNDt^lILL 6 UAd E. 

E 

MODEL , o 

APPROVED 

REPORT NO. 

^7/53 


C^SE 1. ME.KKJ LOA.DS. 


WINDMILL STA 30X 


SX Ih 

SZ lb 

MX 

In-lb MY In-lb 

MZ In-lb 



-175 

2620 

212850 -100 

-43300 



CALCULATED 

DATA 



Elxz 



XBAR 

ZBAR 

El XX EIzz 



0.69 

-0.06 

4 

.19E*09 1.32E+10 3.90E^08 


GRID PT 

X-XBAR 


Z-ZBAR 

LOAD 

STRESS 

q In-lb 

1 

-33. 

79 

-1.17 

369.14 

1190.77 

-16.18 

2 

-7. 

61 

-5.61 

5107.07 

2969.23 

-58.53 

3 

-2. 

11 

-5.72 

7200.88 

2927.19 

28.03 

4 

4. 

19 

-4.80 

6323.10 

2350.60 

112.53 

5 

8. 

12 

-3.50 

1624.09 

1624.09 

137.04 

6 

10. 

63 

-0.34 

-19.41 

-16.88 

143.35 

7 

9. 

03 

3.22 

-1786.99 

-1786.99 

126.02 

8 

5. 

50 

4.68 

-6622.60 

-2461.93 

51.79 

9 

-1. 

13 

5.72 

-7891.61 

-2869.68 

-47.79 

10 

-7. 

63 

5.46 

-4511.50 

-2622.97 

-12.10 

11 

-33. 

79 

-0.14 

207.83 

670.42 

-15.14 


SUPPLEMENTAL DATA 

CELL 1 front CELL 2 rear 
2A- 344.97 316.67 

correction shear flow -91.91 -9.48 

Q due to torsion -21.93 -5.66 

MY @ shear center- -9358.65 
sum 2A*q* 6.510E^04 
Vertical Imbalance- -0.00 
q fi mid soar- 91.70 











PREPARED BY DATE 

^ Y 35/75 

LOCKHEED-CALIFORNi A COMPANY ' 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3, A, 2-1 

CHECKED 

T 

T lOO K.W. WlNJ M ILL. l^LADE . 

E 

MODEL 

cuiToe 

APPROVED 

Msalsm 


CKSe I . ME^N UOKOS- 


WINDMILL STA 389.0 


SX lb 

SZ lb 

MX In-lb 

MY In-lb 

MZ In-lb 



50 

2330 

169000 

-190 

-34260 



CALCULATED 

DATA 






XBAR 

ZBAR 

Elxx 

E Izz 

Elxz 



0.54 

-0.13 

2.28E*09 

9.22E^09 2.52E«08 


grid PT 

X-XBAR 

Z-ZBAR 

LOAD 

STRESS 

q In-lb 

1 

-29 

.34 

-1.19 

413.10 

1376.99 

-19.43 

2 

-6 

.24 

-4.34 

5694.63 

3310.83 

-55.89 

3 

-1 

.84 

-4.38 

5943.97 

3265.92 

24.93 

4 

3 

.89 

-3.61 

8296.38 

2600.75 

145.59 

5 

8 

.40 

-2.13 

1074.19 

1432.26 

163.38 

6 

9 

.53 

0.13 

-152.80 

-254.67 

163.89 

7 

8 

.18 

2.40 

-1430.27 

-1907.03 

146.90 

8 

4 

.86 

3.62 

-7373.19 

-2751.19 

50.73 

9 

-0 

.68 

4.46 

-7374.08 

-3277.37 

-52.14 

10 

-6 

.04 

4.28 

-5252.64 

-3053.86 

-19.28 

11 

-29 

.34 

-0.05 

160.71 

535.71 

-21.10 


SUPPLEMENTAL DATA 

CELL 1 front CELL 2 rear 
2A» 227.33 226.28 

correction shear flow -99.59 -12.03 

Q due to torsion -31.94 -9.07 

MY @ shear center- -9314.15 
sum 2A*q- 5,On7E*04 
Vertical Imbalance- 0.00 

q y mid spar- 110.43 








FORM 362B-2 


LOCKHEED-CALIFORNIA COMPANY 
A DfVlSlON OF LOCKHEED AIRCRAFT CORPORATION 


PREPARED BY ua i fc 

^ 3/"?S 


PAGE 

3. A Z* 


APPROVED 


100 IC.W. WINDMILL 6LADH 


MODEL 

CI-1708 


REPORT NO. 


CASE I.MEAKJ LOADS . 


WINDMILL STA 477 

GX lb SZ lb MX In-lb MY In-lb HZ In-lb 
95 1905 117000 -80 -23140 


CALCULATED DATA 

XBAR ZBAR Elxx EIzz Elxz 

0.55 -0.03 1.05E+09 6.00E+09 1.27E+03 


GRID PT 

X-XBAR 

Z-ZCAR 

LOAD 

STRESS 

q 1 n- 1 b 

1 

-25.35 

-0.87 


3G3.97 

1348.05 

-14.39 

2 

-4.82 

-3.24 


6283.93 

3653.45 

-55.00 

3 

-0.80 

-3.23 


C195.91 

3581.45 

45.55 

It 

3.87 

-2.39 


G148.01 

2533.20 

150.31 

5 

6.57 

-1.92 


1214.00 

2023.33 

172.00 

G 

7.93 

-0.05 


-43.36 

-61.94 

173.91 

7 

G.85 

1.31 


-1049.59 

-2099.18 

158.33 

3 

4.30 

2.57 


-6901.11 

-2899.62 

50.49 

9 

-0.48 

3.27 


-6552.02 

-3600.01 

-56.94 

10 

-4.74 

3.13 


-5815.05 

-3380.84 

-16.42 

11 

-25.35 

-0.17 


155.30 

575.18 

-17.11 

SUPPLEMENTAL 

DATA 







CELL 

1 front 1 

CELL 

2 rear 



2A® 

134 

.82 

145. 

39 




correction shear flow -129.15 -10.69 

Q due to torsion -27.30 -6.42 

MY Q shear center“ -4612.93 
SUM 2A*q= 3.353E+04 
Vertical imbalance® -0.00 
q Q nl d spar® 139.34 











FORM 362B-2 


PREPARED BY . 


LOCKHEED-CALIFORNIA COMPANY 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


3- A 53 


APPROVED 


100 kiw. wiNiDM iL_L Blade, 


MODEL 

CLI70 9 


R^ORT NO. 


CASE I.MEAN LOADS. 


Wlimi'.IU. 5TA 565 

s:: II) nz Ib IIX in-ll> my In-lb MZ In- 1b 
1(10 1100 G41G0 70 -12450 

CALCi;L,'TriJ DATA 


XBAR 

ZUAR El XX 

Elzz 

El xz 



0.34 

-0.00 4.29E+03 2. 

G3E+09 2.83 

E+07 


GRID RT 

X-XBAI1 

Z-ZDAR 

LOAD 

STRESS 

q 1 n- 1 b 

1 

-22.01 

-0.67 

233.19 

1665. G4 

-8.89 

2 

-3.92 

-2.28 

5589.79 

3515.59 

-38.83 

3 

-0.66 

-2.22 

4357. 57 

3326. 39 

35.60 

!» 

3.25 

-1.65 

5301.29 

2356.13 

129,68 

5 

5.66 

-1.21 

601.53 

1625. 75 

140.89 

0 

6.43 

-0.2G 

51.61 

184.32 

142.54 

7 

5.64 

1.00 

-830.05 

-1672. 10 

129. 39 

3 

2.94 

1.31 

-029G.C3 

-2798. 50 

24.12 

■J 

-0.89 

2.18 

-423C.09 

-3233.66 

-49. 03 

10 

-3.94 

2.15 

-4922.07 

-3095. 04 

-12.97 

11 

•22.01 

-0.30 

155.83 

1113.41 

-11.59 

SUPPLEMCIITAL DATA 






CELL 

1 front 

CELL 2 rear 



2 A" 

74 

.49 

36.79 



correct I on 

shear flow -114. 

13 

-7.13 




Q duo to torsion -20.70 -4.46 

f!Y J shear center" -1929. 23 
sum 2A*c|= 1.5G1E+04 


Vertical iribalnnce" -0.00 
o Q nld spar* 123.24 









FORM 302B-2 


FRCFARBD BY /j 

DATE 

LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3, A. 24 

CHKCKID 

T 

T Inn \Ai 1 N o 1 tSl— adE. 

MODEL 

cunos 

AFFROVCD 

K 

REPORT NO. 

27 1 53 


1 , KVEKKI i-OADS 


V4INOMIUU 

. 60^ 


SX Ib 

5Z lb 

I 

C 

1 

c 

» 


85 

1055 

40000 75 -7950 



CALCULATED DATA 

XBAR ZDAR Elxx EIzz Elxz 

0.92 -0.00 l.'87E+08 L.5GE+09 4.1SE+07 


GRID PT X-XBAR 2-ZBAR LOAD STRESS q In-IL 


1 

-20.03 

-n. 73 

213.97 

1523. 3G 

-11.91 

2 

-1.G2 

-1.34 

GO SO. 3 7 

3001. 33 

-23.20 

3 

1.17 

-1.35 

1378.93 

3030.81 

13.52 

4 

2.57 

-1.50 

2401.31 

3202.42 

78. G2 

5 

3.93 

-1.20 

1203.53 

2571. 35 

112.07 

G 

5.01 

-1.02 

203.32 

2104.33 

110.52 

7 

5.G3 

-0. IG 

G5.72 

3G5. 09 

122.07 

3 

4.93 

0.97 

-3G3.60 

-2047. 77 

113.03 

9 

3.G2 

1.39 

-13SG.90 

-2051.04 

77.70 

10 

2.30 

1.73 

-2702.90 

-3G83.87 

5.98 

11 

1.10 

1.99 

-970.45 

-4245.43 

-19. CG 

12 

-1.40 

1.87 

-G247.87 

-4005.04 

-1C. 35 

13 

-20.03 

-0.43 

124.45 

888.93 

-15.32 

UPPLEtlENTAL 

DATA 






CELL 

1 front CELL 

2 rear 




2A= 43. G8 74.33 

correction shenr flovy -157. 9G -3.57 

q due to torsion -27.73 -G.75 

flY a shear center= -1713.02 
sum 2A*q= l.lOOE+04 
Vertical Imbalance^ -0.00 


q 0 nld spar" 170.37 










LOCKHEED-CALIFORNIA COMPANY 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


PREPARED BY 


^/'y6 


PAGE 

3. A, tS 


CHECKED 


APPROVED 


lOD icy/. WINDMIl-t. 6UADE 


MODEL _ 

CL 170, ^ 


REPORT NO. 

grr I s ^ 


CASE I. MEAN LOADS. 


WINDMILL STA 653 


sx 

tb 

SZ 1b MX 

In-lb 

MY In-lb 

MZ In-lb 




60 

740 

198 00 

120 

-4570 



CALCULATED 

DATA 






XBAR 


ZBAR El XX 

EIzz 

Elxz 



0.88 


-0.01 5 

.08E«07 

1.06E+09 1.72E+07 



grid PT 


X-XBAR 

Z-ZBAR LOAD STRESS 

q In- lb 

1 


-17.96 


-0.49 

217.85 

1556.10 

-14.80 

2 


0.07 


-1.51 

2213.34 

5902.24 

68.15 

3 


0.98 


-1.44 

1468.42 

5647.77 

-60.15 

4 


2.20 


-1.32 

2081.84 

5204.61 

18.77 

5 


3.54 


-1.16 

575.98 

4607.87 

40.81 

6 


4.46 


-0.85 

427.19 

5417.51 

57.40 

7 


5.00 


-0.07 

52.91 

386.21 

60.10 

8 


4.40 


0.71 

-333.54 

-2668.34 

48.18 

9 


3.49 


1.20 

-574.76 

-4598.10 

27.11 

10 


2.25 


1.44 

-2223.79 

-5559.48 

-55.27 

11 


0.98 


1.57 

-1584.03 

-6092.44 

69.23 

12 


0.10 


1.62 

-2364.53 

-6305.41 

-19.32 

13 


-17.96 


-0.17 

43.12 

307.97 

-20.33 

SUPPLEMENTAL DATA 








CELL 1 front CELL 

2 rear 



2A- 



18.25 

67 

.74 



correct 1 on 

shear flow -166.95 

-7. 

91 



Q due to 

torsion -36.96 

-12. 

43 




MY @ shear center- -1516.45 


sum 2A*q“ 4.583E+03 
Vertical Imbalance- 0.00 
q 8 mid spar- 185.58 









DATE 


LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


prepared by 





100 K-yv. WIN DM 1 LL e.L^DE 


3 . A- 2.6 


MODEL ^ ^ 

CLl 708, 


CASE- I. MEAN LOADS 


W INOt»\ii.U STA 697 

SX 1b I 
-40 


SZ lb MX In-lb MY In-lb MZ In-lb 
400 8470 200 -2270 


CALCULATED DATA 
XBAR ZBAR 

0.57 -0.03 


Elxx EIzz Elxz 

2.74E+07 7.98E^08 1.17E+07 


GRID PT 
1 
2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 


X-XBAR 

-15.54 

0.45 

1.28 

2.27 

3.23 

4.15 

4.63 

4.15 

3.23 

2.25 

1.33 

0.45 

-15.54 


Z-ZBAR 

-0.40 

-1.17 

-1.05 

-1.09 

-0.92 

-0.69 

-0.15 

0.53 

0.96 

1.13 

1.21 

1.28 

- 0.12 


LOAD 

137.64 

1364.74 

853.27 

855.63 

364.05 

221.58 

55.18 

-195.26 

-363.66 

-863.08 

-966.08 

-1480.28 

16.26 


SUPPLEMENTAL DATA 


CELL 1 front CELL 2 rear 


11;70 


correction shear flow -120.13 


Q due to torsion 


-20.60 


47.67 

- 6.20 

-7.21 


MY 0 shear center* -584.79 
sum 2A*q* 2.138E*03 
Vertical Imbalance* 0.00 
q 0 mid spar* 127.32 


STRESS 

983.18 

3639.30 

3281.82 

3422.50 

2912.39 

2215.81 

551.79 

-1562.06 

-2909.24 

-3452.32 

-3715.69 

-3947.40 

116.13 


q In-lb 

-10.90 

54.21 

-31.97 

9.70 

27.74 

59.03 

42.50 

34.19 

17.67 

-22.27 

59.82 

-10.15 

-13.41 











PRePARED BY 




ARE.D BY . j DATE 

3/75 


LOCKHEED-CALIFORNIA COMPANY 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


i. A. ^7 


APPROVED 


100 KW. WlNDM ILL BLNDE 


MODEL 

CH7^3 


REPORT NO. 

2.*?J S5 


CAiSe. 2 .. ME.AKI LOADS. 


HI NDMI LL STA 43.00 

117. In- 11) 
0 


El X2 

1.60 0.22 l.SSE+10 2.G5E+10 2.20E+07 

(1 i n-ll) 
-370. 44 
-717. 47 
-532.43 
44.61 
259. 47 
627. 73 
727. 30 

719.62 

328.62 
239.34 
-49. 30 

SUPPLEIIEtITAL DATA 

CELL 1 front CELL 2 rear 
2A= 741.18 309.39 

correction shear flov/ -433.30 -42.50 

Q due to torsion -17.49 -6.79 

MY G shear center^ -18464.90 
sun 2A*q= 4.759E+05 
Vertical imbalance^ -0.00 
q Q nid spar* 401.49 


GRID PT 

X-XBAR 

Z-ZBAR 

LOAD 

STRESS 

1 

-40.16 

■-2.72 

0.00 

0.00 

2 

-7. 08 

-12.03 

0.00 

0.00 

3 

-0.65 

-11.64 

0.00 

0.00 

4 

6.40 

-3.90 

0.00 

0.00 

5 

10.54 

-5.15 

0.00 

0.00 

6 

11.50 

0.63 

0.00 

0.90 

7 

9.62 

6.33 

o.on 

0.00 

8 

5. 10 

9. 65 

0.00 

0.00 

9 

-2.58 

11. 50 

0.00 

0.00 

10 

-8.51 

10.96 

0.00 

0.00 

11 

-40.16 

-0. 78 

0.00 

0.00 


SX lb r,Z lb I1X in- 11) (lY in- 1b 

-42690 16500 0 0 


CALCULATED DATA 
X3AP, ZCAP. 


El XX 


EIzz 


■n 

0 

s 

3; 

u 

01 

N 


O 

1)1 











FORM 362B-2 


PREPARED BY DATE 

5/75 

LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3. A 28 

CHECKED 

T 

T 100 KW. WINDMIL-U BUADE. 

L 

E 

MODEL 

CL170« 

APPROVED 

REPORT NO. 


C/\Sc LOA.OS . 


RID REACT. JGTA Cl.S'J 


SX lb 

GZ lb MX 

in- lb r.Y In- lb M.Z 

in- lb 



4 0 1 0 0 

-25000 

0 ' 47500 

0 



CALCULATED 

DATA 





XBAR 

ZDAR Elx 

X EIzz E 

1 xz 



1.02 

-0.05 1 

.59E+10 2.05E+10 

9.08E+08 


GRID PT 

>:-;<DAR 

Z-ZBAR LOAD 


GTl'ESS 

q I n- 1 1) 

1 

-50.42 

-2.45 

0.00 

0.00 

479.34 

2 

-7.60 

-10. 75 

O.OC 

0.00 

940. OS 

3 

-1.10 

-10. CO 

0.00 

0.00 

477. G5 

4 

0.12 

-2.40 

0.00 

0. on 

-2.05. 43 

5 

10. 51 

-5.25 

0.00 

0.00 

-542.20 

0 

12.06 

0.15 

0.00 

0.00 

-Oil, 20 

7 

10.58 

5. 55 

0.00 

0.00 

-000. 15 

U 

G. 10 

S.03 

0.00 

0. 00 

-824.41; 

g 

-1.44 

10.25 

0.00 

0.00 

-202.05 

10 

-7.50 

10.45 

o.no 

0. on 

-500.00 

11 

-50.42 

-0.25 

0.00 

0.00 

97. 15 


SUPPLEMENTAL DATA 

CELL 1 front CELL 2 rear 


2A= ba7.7S 743.50 

correction shear flo\/ 527.94 G3.07 

n due to torsion 125.20 54.02 

|;Y i} shear center= 111550.37 
sun 2 A*<i = -7. 020E + 05 
Vertical inholance= 0.00 


q Q ni ti spar 


-554.01, 











FORM 362B-2 


PREPARED BY 




LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


PAGE 

3 . A -2,? 


CHECKED 


APPROVED 


<00 ICVV, WlNDM iLL BLADE 


MODEL 

CUI7Q8 


REPORT NO. 


CASE 2. MEAN LOADS. 


WtNPni LL 

STA 81, 

.50 




ox 

1 !, 

;/. Ih liX In-lb 

i.Y In 

-11 

•7 in- lb 

-0 1 


4500 475400 

-47 

50 0 

1 ^ r T o r 

CALCM. 

r.i, 11 UA 





;C0AR 

ZiiAK 

r 1 <x 

Fizz 


r ixz 


l.OZ 

pi 

-0.05 1. 

A -."i h/'l'. 

505. +.10 l.OFr + in 9.O8I.+08 

/.-/.riAU I.Oin 5 TR''rl; 

0 1 n- 1 b 

1 

-34.42 

-2.43 

-11242.01 

-17568. ')0 

-71.04 

2 

-7.68 

-10.73 

2075.73 

1208.57 

•171.11 

3 

-1.16 

-10.00 

124.''5.1.5 

4277. r,4 

-84,63 

4 

5.12 

-a. 40 

21343.08 

.icon. 81 

31.60 

.5 

10. 51 

-.5.23 

7335.33 

7335.33 

r.6.68 

ii 

12. Of 

0.15 

10770. Of 

5543.45 

103.43 

7 

10. 5,0 

5.55 

2514.57 

2504.87 

U1.40 

1 

t) 

G. 10 

.3.03 

-3700.70 

-1142.23 

60.37 

'1 

-1.44 

10.. 0.5 

-1554'>.5.2 

-5570. n 

-36.1.5 

10 

-7.50 

10.43 

-14295.17 

-.5258.0? 

17.18 

11 

-30.42 

-0.23 

-11573. 43 

-15550.08 

-20.03 


SUPPI.F.i,r.:iTM n^T,'' 

1 front cru. 2 rnor 
2 A= r)fl 7.73 

corroction shear flow -T4.rr, -11. OJ. 

Q due to torsion -CFi.2n -Ifi.rt 

MY o siiear center= -5Cf;n.2fl 
sun ?. A*>i= l.?(>5r + 05 
Vertical Inlialance= 0.00 

q G iiiri spar= 130. S3 








LOCKHEED-CA LI FORMA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


PAGE 


PREPARED BY , . . DATE 

a. 3/-?5 


CHECKED 


APPROVED 


T 


T 

L 

E 


CASE ME-AN 


loo KW. VvilNDKlILL Bl_^DE. 


3. A. 30 

MODEL ^ 

CU706 


REPORT NO. 

g-T/ S 3 


LOADS. 


WINDMILL STA 125 


SX lb 

SZ lb 

MX in 

1-1 b MY In 

-1b MZ In-lb 



-4640 

4910 

698700 -43040 1129000 



CALCULATED 

DATA 






XBAR 

ZBAR 

Elxx 

EIzz 

Elxz 



0.85 

-0.16 

1.24E+10 2. 

75E410 1.28E+09 


GRID PT 

X-XBAR 


Z-ZBAR 

LOAD 

STRESS 

q In-lb 

1 

-38. 

97 

-2.02 

-9358.49 

-15861.85 

-77.62 

2 

-8. 

53 

-9.24 

3221.17 

1872.77 

-174.64 

3 

-2. 

05 

-9.32 

13575.25 

4763.25 

-75.52 

4 

5. 

47 

-7.60 

22383.20 

7016.68 

57.78 

5 

10. 

28 

-4.67 

9183.45 

7346.76 

106.13 

6 

12. 

45 

-0.20 

7482.27 

5583.78 

138.61 

7 

11. 

20 

4.56 

2681.00 

2144.80 

141.33 

8 

6. 

52 

7.86 

-6098.59 

-1911.78 

76.57 

9 

-0. 

93 

9.63 

-17823.94 

-6254.01 

-42.09 

10 

-7. 

35 

9.26 

-15213.20 

-8844.89 

3.51 

11 

-38. 

97 

-0.14 

-10032.11 

-17003.58 

-39.35 

SUPPLEMENTAL DATA 








CELL 

1 front CELL 2 rear 



2A* 


632 

.44 

630.93 



correction 

shear flow 

-97. 

50 

-15.02 




Q due to torsion -77.18 -24.33 

my @ snear center* -64160.88 
sum 2A*n* 1.379E*05 


Vertical Imbalance* 0.00 


q 0 mid spar* 135.32 


•n 

0 

a 

z 

u 

0) 

N 

O 

N 










PREPARED BY DATE 

^ 1/-JS 


LOCKHEED-CA LI FORMA COMPANY 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3-A2>l 

checked 


1 

100 K..W. \MIMDKULL S>L^DE. 

CUI70? 

APPROVED 


i 

REPORT NO. 

a.-?/ S3 


CA.SG. a. ME/Visl LO/^DS. 


UlfJDMILI. STA 187. S 


SX lb 

S7. Ih l-.X In-lb 

I'.Y In-lb 

l‘.7. In-lb 



-3fin 

400 0 ec2.no 

-37000 

3 6 2 2 '' 0 



CALCl.L.ATfl) 

DATA 





A ijAk 

Zr.AR PI XX 

P Izz 

PIxz 



1.2 2 

-0.12 E.21P^09 

1.91P+10 S.50P + 0P. 


grid pt 

X-XP.APn 7.-ZCAR 

LOfiP 

OTPrr.S 

0 In-lb 

1 

-39.cn 

-1.51 

-5707.86 

-1C118.31 

-65.82 

2 

-3.82 

-7.50 

2822.53 

1C41.01 

-190.95 

3 

-3.1 

-7.C7 

1M8P.25 

5064.33 

-75.17 


4.50 

-6.12 

23730.59 

7441.38 

80.53 

5 

9.45 

-4.26 

1C326.28 

3261.03 

140.90 

0 

11.30 

0.20 

8596.75 

5532.30 

180.15 

7 

9.4C 

4.77 

652.21 

521.77 

ir.0.33 

f 

5.30 

5.50 

-COM. .34 

-3613.05 

91.24 

.1 

-l.GO 

7.73 

-22233.23 

-7411.08 

-66.01 

10 

-8.54 

7.42 

-18111.77 

-10530.19 

-11.69 

11 

-39.39 

-0.30 

-6129.92 

-19156.01 

-39.9.8 


SUPI’I.r.IXflTAL DATA 

CTLL 1 front CULL 2 n?ar 


corrccLicn shear flov/ -122.02 -15.51 

Q due to torsion -r.C.15 -24.67 

I'lY (i si, ear center= -57f.5n.23 
sun 2A“i|= 

Vertical Imbalance^ 0.00 
q U nid spar- 1C8.10 









PREPARED BY y . DATE 

LOCKHEED-CALlFORNiA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 
1 

PAGE 

3 A. 32. 

CHECKED 

\ 

; IDO K.W- 'WlKJDKllLU 

MODEL 

cuiias 

APPROVED 

i 



CK£»E. t-o/^os . 


WINliKIlLL STA 23U.0 


ib 

SZ lb (IX in- lb 

MY In- 

lb IIZ In- lb 



-3340 

4840 59!>500 

-32230 70OSO0 



CALCULATED 

DATA 





XBAR 

ZDAH El XX 

EIzz 

El xz 



0.95 

0.02 5.99E+09 

1.6 

SE+10 9.24E+08 


QUID PT 

X-XUA!l Z-ZCAR 

LOAD 

STRESS 

q I n- 1 b 

1 

-37.20 

-1.50 

-5145. 30 

-1607'. 06 

-70. 38 

T 

-9.17 

-6.74 

4937.05 

2870.38 

-197.02 

3 

-3.22 

-6.92 

15084.28 

5892.30 

-67.58 

4 

4.19 

-4.84 

22913.69 

7182.93 

95. 55 

5 

9.15 

-3.84 

10584.87 

8467.89 

164.09 

0 

11.39 

0.05 

6697. 77 

5358.21 

198.40 

7 

10.03 

3.55 

716.67 

955.55 

194. 30 

U 

6.23 

5.44 

-8465.23 

-2879.33 

103.94 

9 

-1.10 

6.75 

-23310.03 

-7770.01 

-75.32 

10 

-7.99 

C.46 

-18463. 23 

-10734.44 

-16.98 

11 

-37. 20 

-0.32 

-5550.53 

-17345. 39 

-45. 27 


SUPPl.niEMTAL DATA 

CELL 1 front CELL 2 rear 


2A= 439.20 410.51 

correction shear fiow -13G.43 -17.59 

f} {j’uo to torsion -94.78 -27.68 

HY Q sfioar center® -52989.36 
sun 2A*‘i= 1.322E+05 
Vertical Inl)alance= 0.00 
q Q i.ii d spar- 185.93 











PREPARED BY yJ DATE 

LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

•a. A. 3 3 

CHECKED 

T 

T lOo K.w. WINDMILL BLADE 

E 

MODEL 

CUlTCg . 

APPROVED 

REPORT NO. 

J-7/ 5 3 


CAySE. l-O^DS. 


WINDMILL STA 301 


SX lb 

SZ lb MX In-lb 

MY In-lb 

MZ In-lb 



-2875 

4500 496980 

-25800 

518210 



CALCULATED 

DATA 





XBAR 

ZBAR Elxx 

EIzz 

Elxz 



0.69 

-0.06 4.19E>09 

1.32E^10 3.90E+08 


GRID PT 

X-XBAR Z-ZBAR 

LOAD 

STRESS 

q In-lb 

1 

-33.79 

-1.17 

-4020.07 

-12967.97 

-63.93 

2 

-7.61 

-5.61 

6224.59 

3618.95 

-206.70 

3 

-2.11 

-5.72 

14999.33 

6097.29 

-65.57 

4 

4.19 

-4.80 

20596.78 

7656.80 

103.82 

5 

8.12 

-3.50 

7741.57 

7741.57 

162.32 

6 

10.63 

-0.34 

5688.27 

4946.32 

197.01 

7 

9.03 

3.22 

-89.61 

-89.61 

184.22 

8 

5.50 

4.68 

-9091.07 

-3379.58 

83.20 

9 

-1.13 

5.72 

-20561.53 

-7476.92 

-96.71 

10 

-7.63 

5.46 

-17077.67 

-9928.88 

-16.28 

11 

-33.79 

•0.14 

-4410.60 

-14227.73 

-41.85 


SUPPLEMENTAL DATA 

CELL 1 front CELL 2 rear 


2A- 344.97 516.67 

correction shear flow -159.65 -16.54 

Q due to torsion -98.06 -25.32 

MY @ shear center* -41844.33 
sum 2A*q= 1.126E-*-05 
Vertical Imbalance* -0.00 
q 8 mid spar* 215.86 


0 

a 

s 

w 

o 

10 










s 

s 

u 

a 

o 

10 


1 PREPARED BY 

1 ^ 


LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 
- 1 


CHECKED 

I 

ICO K.W. Wl NDKl ILL I^UAOE. 

MODEL 

CL1-70S 

APPROVED 

i 

REPORT NO. 


C^SE 2 .. M£^^J,L0^0S■ 


V<\NDr/viL.L. STA 389.0 




SX 1b SZ 1b 

-2125 3830 

MX In-lb 
354150 

MY In-lb 
-19300 

MZ In-lb 
323000 

CALCULATED DATA 
XBAR ZBAR 

Elxx 

EIzz 

El xz 


0.54 

-0.13 2. 

28E+09 9.22E+09 2.52E+08 


GRID PT 

X-XEAR 

Z-ZBAR 

LOAD 

STRESS 

q In-lb 

1 

-29.34 

-1.19 

-2895.17 

-9650.56 

-71.88 

2 

-6.24 

-4.34 

7682.34 

4466.48 

-203.62 

3 

-1.84 

-4.38 

11398.33 

6262.82 

-76.69 

4 

3.89 

-3.61 

23260.75 

7291.77 

154.51 

5 

8.40 

-2.13 

5031. 4R 

6708.61 

199.29 

6 

9.53 

0.13 

2130.74 

3551.23 

213.84 

7 

8.18 

2.40 

-448.98 

-598.64 

200.15 

8 

4.86 

3.62 

-10319.57 

-3850.59 

70.76 

9 

-0.68 

4-. 46 

-16584.73 

-7370.99 

-104.67 

10 

-6.04 

4.28 

-15814.86 

-9194.68 

-29.48 

11 

-29.34 

-0.05 

-3440.30 

•11467.67 

-53.60 


SUPPLEMENTAL DATA 

CELL 1 front CELL 2 rear 
2A= 227.33 226.28 

correction shear flow -165.34 -20.14 

Q due to torsion -117.82 -33.46 

MY 0 shear center* -34353.83 
sum 2A*q= 8.282E'*'04 
Vertical Imbalance* 0.00 
0 0 mid sj>ar- 229,56 










FORM 362B-2 


LOC K H E E D -C A LI FO R N 1 A COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


PAGE 


PREPARED BY y DATE 


3.A.3S 


CHECKED 


APPROVED 


oo Kw. Nnindm\ul Blade 


MODEL 

C LI70 g 


REPORT NO. 

3-7 / 5 


CKSE. 2 .. MEMsl LOADS. 


I.'IMDI'.ILL STA 477 


g;< 11) 
-1510 

SZ lb 
2990 

1 IX 1 n- 1 b 
222000 

IIY in- lb 
-13040 

MZ In- lb 
17C900 

CALCIILATEIJ 

XBAR 

DATA 

ZDAI! 

a 1 XX 

E 1 zz 

El xz 


Q.5!i -0.03 1.05E+09 G.OOE+09 1.27E+08 


GRIi) OT 

X-XBAR Z 

-ZBAR 

LOAD 

STRESS 

q 1 n- 1 b 

1 

-25. 35 

-0.37 

-1323.28 

-6752.89 

-59.87 

2 

-4.82 

-3.24 

9114.00 

5298.84 

•205.48 

3 

-0.30 

-3 . 23 

11495.03 

6644.53 

-49.63 

4 

3.87 

-2.39 

15316. S7 

6435. 6C 

142.24 

a 

G. 57 

-1.92 

3309.03 

G348.59 

187.59 

G 

7.93 

-0.05 

1907. 30 

2810.44 

205.99 

7 

G.35 

1.31 

-7G7.95 

-1535.90 

190. 81 


4. 30 

2.57 

-9588.35 

-4028.93 

47.81 

9 

-0.48 

3.27 

-1301G.56 

-7151. 9C 

-125.19 

10 

-4.74 

3.13 

-14277.99 

-8301.16 

-25.21 

11 

-25. 35 

-0.17 

-2227.61 

-8250.39 

-45.24. 

SUPPLEilEIITAL 

DATA 






CELL 1 

front 

CELL 2 rear 



2A= 

134. 

82 

145.39 




cor ri’i'.t i on shear flo\/ -204.73 -17.04 


Q due to torsion -119.93 -23.20 

I'lY d shn.ir cetttor= -20275.18 
sun 2A*<i= 5. 307E+04 
Vertical inhalaiice= 0.00 

q (j ni'l s|jar= 2 7;). .4 7 








FORM 362B-2 


LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 



WItJDMILL GTA 505 


GX lb 

GZ lb rix In- lb 

MY In- 

1b MZ In- lb 




-970 

2075 102550 

-55 

70 78850 




CALCLLATEU 

DATA 






XDAR 

ZUAR El XX 

EIzz 

El xz 




U. 84 

-0. 00 4'.29E+0a 

2.0 

3E+09 2.33E+07 



GRID PT 

X-XOAIl Z-ZUAR 

LOAD 

GTRESG 

q In- lb 

1 

-22.01 

-8.07 

-757.13 


-5408.09 

-43.47 

2 

-3.92 

-2.23 

0734.24 


4235. 37 

-175.73 

3 

-0.00 

-2.22 

0710. 58 


5129.45 

-38.21 

4 

3.25 

-1.05 

11253.05 


5001.02 

171.89 

j 

5.00 

-1.21 

1742.39 


4709.15 

202.20 

0 

0.43 

-0.20 

740.24 


2005.15 

213.09 

7 

5.04 

1.00 

-311.40 


-022.92 

200. 30 

n 

(> 

2.94 

1.31 

-7729.01 


-3435.12 

29.12 

0 

-0.89 

2.18 

-7200.00 


-5547.05 

-114.77 

19 

-3.94 

2.15 

-10249.92 


-0440.49 

-24.02 

11 

-22.01 

-0.30 

-881.90 


-0299. 73 

-35.31 


GliPPiriiniTAL DATA 

CELL 1 front CELL 2 rear 


2A= 74.43 8li.7'i 

cornction shear flov/ -210.93 -13.58 

n ilue to torsion -100. 83 -21. 72 

HY Q shear center" -9395.83 
sun 2A*<i" 2.9G5E^04 
Vertical inbalance" -0.00 
4 J ni 'I spar* 282 . 45 











FORM 362B-2 


PREPARED BY DATE 

UOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3. A.S7 

CHECKED 

T 

T 1 00 . \Ml NID M n_L BLADE. 

E 

MODEL 

CL170S 

APPROVED 

REPORT NO. 

a7/5 3 


CA&E. 2. i-QAPS . 


'MiviPM'Ui- sTA Ci)‘J 

Six lb 3Z lb I'.X In-lb MY In-lb flZ ln-ll> 

-315 IGUn 72100 -5270 46250 

CALCdLA'm) DATA 

XCAH ZUAIl nixx EIzz Elxz 

0.92 -0.00 l.a7E+03 1.5GE+09 4.18E+07 


l‘T 

x-xiiAr: 

Z-ZCAR 

LOAD 

STRESC 

q 1 n- 1 b 

1 

-20.03 

-0.73 

-701. GO 

-5012.10 

-51.29 

■) 

-1.G2 

-1.S4 

10230.17 

G557. 80 

•145.09 

3 

1.17 

-1.35 

2700.71 

771C.32 

-86.97 

4 

2.57 

-1.50 

5177.14 

6902.35 

20. 76 

5 

3.93 

-1.20 

294C.30 

G2C9. 79 

79.06 

6 

5.01 

-1.02 

719.50 

5995.35 

93. 5G 

7 

5. g3 

-O.IG 

515. £4 

23G5.80 

101. 6G 

0 

4.93 

0.9 7 

-333.32 

-1354. 5C 

91. 46 

9 

3.G2 

1.39 

-1394.13 

-4050.13 

44. 31 

ii; 

2. 30 

1.73 

-4421. G2 

-5395.50 

-58.55 

11 

1.10 

1.99 

-17P1.G5 

-7393.38 

-9G. 73 

12 

-1.40 

1.37 

-13570.51 

-7929.31 

-34.87 

13 

-20.08 

-0.43 

-8GC.70 

-6190.74 

-44.99 


SUPPI.EiirjiTAI. DATA 

CELL 1 front CELL 2 roar 
2A= 43.65 74.35 

corroctlon shear flo\/ -241.32 -13.22 

Q iluo to torsion -130.14 -51. G3 

MY i stiOtor center= -8039.13 
sun 2A*<i= 1.G35E+04 
Vert in, il inbalance= -0.00 


f) 0 nl.l spar 


32 7.07 











C^SE■ 2.. Me■^KlL0^^;:3S. 



WINDMILL STA 653 


SX lb 

SZ lb 

MX 

In-lb MY In-lh 

MZ In-lb 



-485 

1130 


37400 -3190 

228 00 



CALCULATED 

DATA 






XBAR 

ZBAR 

Elxx EIzz 

Elxz 



0.88 

1 

o 

• 

o 

h-» 

5 

.08E+07 1.06E^09 1.72E+07 


grid PT 

X-XBAR 


Z-ZBAR 

LOAD 

STRESS 

q In-lb 

1 

-17. 

96 

-0.49 

-329.77 

-2355.47 

-64.37 

2 

0. 

07 

-1.51 

4246.06 

11322.83 

63.50 

3 

0. 

98 

-1.44 

2887.54 

11105.92 

-187.62 

4 

2. 

20 

-1.32 

4247.91 

10619.78 

-61.32 

5 

3. 

54 

-1.16 

1234.40 

9875.23 

-24.97 

6 

4. 

46 

-0.85 

983.65 

7869.24 

3.60 

7 

5. 

00 

-0.07 

304.87 

2225.32 

11.49 

8 

4. 

40 

0.71 

-475.22 

-3801.78 

-3.88 

9 

3. 

49 

1.20 

-970.90 

-7767.22 

-33.96 

10 

2. 

25 

1.44 

-3990.59 

-9976.46 

-155.89 

11 

0. 

98 

1.57 

-2957.51 

-11374.25 

92.15 

12 

0. 

10 

1.62 

-4516.50 

-12043.47 

-43.98 

13 

-17. 

96 

-0.17 

-664.35 

-4745.39 

-59.22 


SUPPLEMENTAL DATA 

CELL 1 front CELL 2 rear 
2A- 18<25 67.74 

correction shear flow ”257.03 -12.20 

Q due to torsion -139.80 -47.01 

MY @ shear center- -5736.67 
sum 2A*q- 7.093E+03 
Vertical Imbalance- 0.00 
q g mid spar- 337.62 







PPePARED BY ^ DATE 

LOCKHEED-CALIFORNIA COMPANY 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

CHECKED 

T 

T 100 KW WINDMILL 6>LAD£ 

E 

MODEL 

cLi 7 as 

APPROVED 

REPORT NO. 

^*7/5 3 


C^SE 2. L■O^DS . 


NNINDMIulSTA 697 


SX 1b 
-220 

SZ 

1b 

770 

MX In-lb 
17500 

MY In-lb 
-1680 

MZ tn-lb 
10300 

CALCULATED 

XBAR 

DATA 

ZBAR 

A 

A « 

El XX 

EIzz 

Elxz 


0.57 -0.03 2.74E+07 7.98E+08 1.17E+07 


GRID PT 

X-XBAR Z- 

ZBAR 

LOAD 

STRESS 

q In-lb 

1 


-15.54 

-0.40 


-122.12 

-872.27 

-50.45 

2 


0.45 

-1.17 


2887.11 

7698.97 

75.54 

3 


1.28 

-1.05 


1847.95 

7107.49 

-137.65 

4 


2.27 

-1.09 


1897.11 

7588.46 

-56.19 

5 


3.23 

-0.92 


837.77 

6702.18 

-20.66 

6 


4.15 

-0.69 


541.82 

5418.21 

1.87 

7 


4.63 

-0.15 


202.73 

2027.27 

9.41 

8 


4.15 

0.53 


-310.72 

-2485.78 

-5.70 

9 


3.23 

0.96 


-684.72 

-5477.74 

-36.86 

10 


2.25 

1.13 


-1699.67 

-6798.69 

-112.95 

11 


1.33 

1.21 


-1956.01 

-7523.12 

93.54 

12 


0.45 

1.28 


-3065.17 

-8173.80 

-41.22 

13 


-15.54 

-0.12 


-376.08 

-2686.30 

-51.40 

SUPPLEMENTAL 

DATA 

CELL 1 

front 

CELL 

2 rear 



2A* 


11.70 

47 

.67 



correction shear 

flow -232.02 


-11. 

99 



Q due to torsion 

-112.55 


-39. 

41 




MY 0 shear center* -3195.83 


sum 2A*q= 4.133E+03 
Vertical Imbalance* 0.00 
q 0 mid spar* 293.17 


■n 

0 
a 
z 

U 

01 
N 
D 
M 











FORM 362B-2 


CHECKED 

T 

MODEL 


; IOC K.W. WIMDMILL BL^DE 

CH70<B 

APPROVED 

L 

REPORT NO. 


E 

a“7/S3 


PREPARED BY - w/m t 

^ 1^0 Z/~)s 


LOC K H E E D -C A LI FO R N I A COMPANY 
A OfVISlON OF LOCKHEED AIRCRAFT CORPORATION 




CASE 3. MEAKJ loads 


V'l I!r):il LL STA' 48.00 


SX lb 

5Z 1b 

MX In-lb 

HY in- 1b I1Z in- 1b 

77760 

-56930 

0 

0 0 

CALCULATED 

DATA 



XBAIl 

ZDAIl 

El XX 

Elzz Elxz 

1.60 

0.22 

1.88E+10 

2.G5E+10 2.20E+07 


GRID PT 

X-XCAR 

Z-ZGAR LOAD 


STRESS 

q i n- 1 b 

1 

-40.16 

-2.72 

0.00 

Q.OO 

745.60 

2 

-7.08 

-12.03 

0.00 

0.00 

1759. 10 

3 

-0. 65 

-11.64 

o.on 

0.00 

795.44 

4 

G. 40 

-8.90 

0.00 

0.00 

-660.66 

5 

10.54 

-5.15 

0.00 

0.00 

-1125.40 

6 

11.50 

0.63 

0.00 

0.00 

-1778. 18 

7 

9.62 

6.33 

0.00 

0.00 

-1069. 38 

8 

5.10 

9.65 

0.00 

0.00 

-1400. 51 

9 

-2.58 

11.50 

0.00 

0.00 

-237.64 

10 

-8.51 

10.96 

0.00 

o.no 

-447. 56 

11 

-40.16 

-0.78 

o.no 

0.00 

164.54 

SUPPLEMENTAL 

DATA 






CELL 

1 front CELL 2 

rear 




2A= 741.18 309.39 


correction shear flow 1418.16 143.73 

Q due to torsion 53.57 20.30 

I'.Y U shear center= 56545.21 
sun 2A*q=-l. 576E+06 
Vertical inibalance= -0.00 
q Q nl d spar= -1307.19 











FO/?M 3&2B-2 



lockheed-california company 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3, A .4-1 

CHECKED 

T 

T (oo i<y7. Windmill 6>lade. 

E 

MODEL 

CLI70« 

APPROVED 

REPORT NO. 

AT/ 53 


CA>SE 3. ME.NN LO^DS. 


lUR KEACT.Q3TA' 81.50 


S.X lb 

57. lb 

MX In-lh 

IlY in- lb 

117 In- lb 

-7G010 

71090 

0 

-157900 

3 

CALCULATED 

XCAR 

DATA 

ZDAi; 

El XX 

EIzz 

E 1 xz 


1.1)2 -0.05 1.5‘JE + IO 2.‘J3E+10 0.08E+08 


GRID PT 

X-XDAI? 7 

-7DAR 

LOAD 


STRESS 

q I n- 1 b 

1 

-39.42 

-2.43 


0.00 

0.00 

-088.47 

2 

-7.68 

-10.73 


0.00 

0.00 

-195G.93 

3 

-1. IG 

-10.69 


0.00 

0.00 

-615.41 

U 

G.12 

-3.40 


0.00 

0.00 

115G. 18 

5 

10.51 

-5.23 


0.00 

0.00 

1G84. 77 

G 

12.06 

0.15 


0. 00 

0.00 

2300.10 

7 

10.58 

5.55 


0.00 

0.00 

2332.23 

3 

6.10 

8.93 


0.00 

0.00 

151G. 73 

9 

-1.44 

10.85 


0, 00 

0.00 

29.44 

10 

-7. 50 

10.43 


0.00 

0.00 

409. 50 

11 

-39.42 

-0.23 


0.00 

0.00 

-272.03 

SUPPL01ENTAL 

DAfA 







CELL 1 

front ' 

CELL 2 

rear 



2 A- 

09 7. 

73 

743.30 





correction shfeft^ flov/ ******* -169.81 


i\ due to torsion -369.70 -102.22 

MY (1 sliear centcr“-333929. 08 
sun 2A»q° 1.957E+UG 
Vertical Intjal.Tiico= 0.00 
q Q nid spar- 1561.32 










PREPARED BY . . DATE 

LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

SA.43 

CHECKED 

f 

100 K.W. WINDMILL BLADE. 

CLlTOg 

APPROVED 

REPORT NO. 

27i53 


CASE 3 >. K>E.AkNJ UOAvPS 


I rnc Ml. sta ai..sn 

s\ Ih r.Z lb f.X In-lh C.Y ln-1b I’.Z tn-lb 

3 I'lr- -7010 -211U700 157900 -2370000 


CM-OULATOn PATA 

XOAr, ZF.AR FI XX F. Izz f.lxz 

1.02 -0.05 1.59F+10 2.93E+10 O.OOF+08 


r.iuo PT 

X-Xr.AF 

Z-7.BAR 

L0<'D 

ST.OFCr, 

n 1 n- 1 b 

1 

-39.42 

-2.43 

10326.00 

30198.27 

100.51 

2. 

-7.63 

-10.73 

-14182.50 

-8245.64 

303.54 

3 

-1.16 

-10.69 

-30843.46 

-13730.12 

169.36 

4 

6. 12 

-8.40 

-53578.51 

-10780.10 

19.79 

5 

10.51 

-5.23 

-16149.49 

-16149.49 

-19.44 

6 

12.06 

0.15 

-19710.49 

-l''057.85 

-52.66 

7 

10.58 

5.55 

-1360.00 

-1360.09 

-43.58 

S 

6.13 

8.93 

23528.24 

7108.23 

58.91 

9 

-1.44 

10.85 

44466.27 

161C0.55 

198.83 

10 

-7.50 

10.43 

35686.80 

20748.14 

32.50 

11 

-39.42 

-0.23 

21268.35 

33226.68 

69.71 


SbPPl.F.i r.MTAl. DATA 

CELL 1 front CELL 2 rear 


2A» 697.73 743.30 

correction shear flo\/ 147.. 15 ir>.lf, 

1 due to torsion 193.67 53.55 

MY i3 si, ear center= 174335.38 
sun 7.A*<i = -1.907E + 05 
Vertical iniialance= 0.00 


q 3 n Id spar 


-266.1 











PREPARED BY DATE 

^ 3 / 

LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

S. A. 4^ 

CHECKED 

T 

I loo Vcw. W1NJDMIL.L (2>l~AD£. 

L 

E 

MODEL ^ 

CUIT08 

APPROVED 

REPORT NO. 

^7/ 5 3 


CKSE 3. ME>\M Ugfs.DS 


WINDMILL STA 125 


SX 1b SZ lb MX In-lb MY In-lb MZ In-lb 

3230 -7340 -2077700 146570 -1891200 


CALCULATED DATa 

XBAR ZBAR Elxx EIzz Elxz 

0.85 -0.16 1.24E+10 2.75E+10 1.28E+09 


PT 

X-X8AR 

Z-ZBAR 

1 

-38.97 

-2.02 

2 

-8.53 

-9.24 

3 

-2.05 

-9.32 

4 

5.47 

-7.60 

5 

10.28 

-4.67 

6 

12.45 

-0.20 

7 

11.20 

4.56 

8 

6.52 

7.86 

9 

-0.93 

9.63 

10 

-7.35 

9.26 

11 

-38.97 

-0.14 


LOAD 

STRESS 

q In-lb 

15588.03 

26420.39 

115.23 

-16552.30 

-9623.43 

309.53 

-42025.35 

-14745.74 

157.17 

-55877.80 

-17516.55 

-15.09 

-20106.85 

-16085.48 

-69.17 

-13304.39 

-9928.65 

•95.11 

-793.25 

-634.60 

-81.02 

27882.99 

8740.75 

40.43 

50067.12 

17567.41 

210.40 

37591.99 

21855.81 

56.01 

17529.82 

29711.56 

88.98 


SUPPLEMENTAL DATA 


CELL 1 front CELL 2 rear 


2A- 632.44 

correction shear flow 144.04 
Q due to torsion 214.13 


630.93 

21.47 

67.51 


MY @ shear center- 178018.62 


sum 2A*q--2. 044E'»05 


Vertical Imbalance- 
q @ mid spar- -269.20 


- 0.00 










PREPARED BY DATE 

LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3. A 4-4- 

CHECKED 

T 

\ ICO K.W. \^^ND^^'LL 6uade 

MODEL 

CL170?: 

APPROVED 

L 

E 

CEEEiSH 


CASE. 3. ME.A.KJ loads 


ui:!niiiu. STA ir.7.5 


r.A lb 

S/. Ih 

MX Ir.-lh I.V In-lb 

M:/. In- lb 



230P 

-7500 

-15S2500 13030.0 

-1329100 



CALCULATED 

DATA 





XCA'rl 

ZP.IO 

F.lxx CIzz 

E 1 xz 



1.22 

- 0.12 

C.21E+09 1.91E+in 3.59E+03 


grid pi 

X-XCAP. 

Z-ZDAR 

LPAO 

6TR5<;c 

q In-lb 

1 

-30 

.£0 -1.51 

1030 , K.O 

28220.24 

107.29 

2 

- 1 

-7.5'' 

-1 •'1 2 f, . ' 

-0956.43 

346.32 

3 

-3 

.10 -7.57 

-44042.15 

-15729.34 

160.78 

'( 

4 

.50 -5.12 

-57807.16 

-1S121.37 

-43.81 

5 

0 

.45 -4.20 

-22074.98 

-17559.98 

•112.35 

5 

11 

.80 0.20 

-13779.50 

-S047.73 

-138.79 

7 

0 

.46 4.77 

4716.26 

3773.01 

-102.43 

S 

5 

.35 6.55 

30158.50 

11209.10 

37.34 

.) 

-1 

.59 7.73 

58014.55 

10538.18 

260.74 

10 

-f. 

.54 7.42 

42049.10 

24447.15 

71.52 

11 

-30 

.80 -0.30 

9949.85 

31003.28 

91.20 


SUPPI.r.1 F.ilTAL DATA 

CELL 1 front CELL 2 rear 
2A= 530.45 492.50 

correction shear flo\/ lR2.3fi 22.34 

Q due to torsion 249.45 C8.8C 

my J shear center® 151408.10 
sun 2 \*fi = -2.123E*95 
Vertical Inhalance® -0.00 
q Q nl d spar® -331.53 









PREPARED BY 




LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


PAGE 

^.A.45 


APPROVED 


too K.w. Windmill blade 


MODEL 


REPORT NO._ 

anisZ 


3. MEAN loads. 


WIfJOl.ILL STA 235.0 


SX lb 

SZ lb 

MX In- 1b 

MY In- lb 

MZ In- lb 



1770 

-7435 

-1660700 

116100 

-1009700 



CALCULATED 

DATA 






X5AI! 

ZD All 

El XX 

EIzz 

El xz 



0.95 

0.02 

5.99E+09 

1.68E+10 9.24E+08 



grid PT 

X-XBAR 

Z-ZBAR 

LOAD G 

TRESS 

q 1 n- 1 b 

1 

-37. 

20 

-1.50 

7647. 30 

23397.80 

117.85 

2 

-9. 

17 

-6.74 

-21486.80 

-12492.32 

366.44 

3 

-3. 

22 

-6.92 

-44865. 52 

-17525.59 

156. 48 

4 

4. 

19 

-4.84 

-54684.00 

-17142.32 

-62.39 

5 

9. 

15 

-3.84 

-22522. 74 

-13018.19 

-143.15 

G 

11. 

39 

0.05 

-10609.91 

-8407.92 

-167.20 

7 

10. 

03 

3.55 

1935. 59 

2647.45 

-146.58 

0 

G. 

23 

5.44 

32299.16 

10986.11 

24.15 

9 

-1. 

10 

6.75 

60984.86 

20328.29 

286.59 

10 

-7. 

99 

6.46 

42514.71 

24717.86 

83.60 

11 

-37. 

20 

-0.32 

8737.34 

27304.18 

103.12 


SUPPLF.HEI1TAL DATA 

CELL 1 front CELL 2 rear 
2A» 439.20 410.51 

correction shear flow 207.71 26.23 

Q due to torsion 263.25 76.89 

MY J shear center® 147184.70 
sun 2A*<i®“2. 012E+05 
Vertical Imbalance® 0.00 


q 3 nid spar- -367.84 














WINDMILL STA 301 


SX lb 

SZ lb 

MX 

In-lb MY In-lb 

MZ In- lb 



1200 

-7100 

-1328070 95600 

-669950 



CALCULATED 

DATA 






XBAR 

ZBAR 

Elxx EIzz 

El xz 



0.69 

-0.06 

4 

.19E+09 1.32E+10 3.90E+08 


GRID PT 

X-XBAR 


Z-ZBAR 

LOAD 

STRESS 

q In-lb 

1 

-33. 

79 

-1.17 

5107.64 

16476.26 

107.33 

2 

-7. 

61 

-5.61 

-23212.99 

-13495.93 

395.02 

3 

-2. 

11 

-5.72 

-42176.15 

-17144.77 

162.56 

4 

4. 

19 

-4.80 

-48307.44 

-17958.16 

-73.26 

5 

8. 

12 

-3.50 

-16128.85 

-16128.85 

-144.30 

6 

10. 

63 

-0.34 

-8582.53 

-7463.07 

-168.13 

7 

9. 

03 

3.22 

4952.14 

4952.14 

-125.96 

8 

5. 

50 

4.68 

31648.84 

11765.37 

67.74 

9 

-1. 

13 

5.72 

52481.17 

19084.06 

340.10 

10 

-7. 

63 

5.46 

38082.95 

22141.25 

84.82 

11 

-33. 

79 

-0.14 

6135.20 

19790.98 

98.79 


SUPPLEMENTAL DATA 

CELL 1 front CELL 2 rear 


2A- 344.97 316.67 

correction shear flow 249.58 25.75 

Q due to torsion 282.93 73.04 

MY @ shear center- 120730.27 
sum 2A*0“-1. 766E+05 
Vertical Imbalance- 
q 8 mid spar- -433.71 


0.00 











LOCKHEED-CA LI FORMA COMPANY 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


PREPARED BY 




PAGE 

47 


APPROVED 


00 k.\s/. \MINDM1UL_ BLADE. 


MODEL ^ 

CLV70-$ 


REPORT NO. 

;a.T/ 5 3 


CASE 3. mean) LOKbS 


v>/'NDt^>\_\_STA 389.0 


SX 1b 

SZ lb 

MX In-lb 

MY In-lb MZ In-lb 



710 

-6250 

-893200 

78700 -372500 



CALCULATED 

DATA 






XBAR 

ZBAR 

Elxx 

EIzz 

Elxz 



0.54 

-0.13 

2.28E«09 

9.22E+09 2.52E+08 


GRID PT 

X-XBAR 

Z-ZBAR 

LOAD 

STRESS 

q In-lb 

1 

-29. 

34 

-1.19 

3090.06 

10300.19 

J36.47 

2 

-6. 

24 

-4.34 

-24136.48 

-14032.84 

435.92 

3 

-1. 

84 

-4.38 

-29932.13 

-16446.22 

221.39 

4 

3. 

89 

-3.61 

-52086.12 

-16327.94 

-114.85 

5 

8. 

40 

-2.13 

-9575.98 

-12767.97 

-168.50 

6 

9. 

53 

0.15 

-2629.06 

-4381.77 

-175.12 

7 

8. 

18 

2.40 

3986.20 

5314.93 

-134.99 

8 

4. 

86 

3.62 

31773.69 

11855.85 

111.99 

9 

-0. 

68 

4.46 

40560.65 

18026.95 

390.57 

10 

-6. 

04 

4.28 

54502.43 

20059.55 

119.94 

11 

-29. 

34 

-0.05 

4446.75 

14822.49 

132.91 

SUPPLEMENTAL DATA 








CELL 1 front 

CELL 2 rear 



2A» 


227.33 


226.28 



correction 

shear flow 

267.76 


52.42 




Cl due to torsion 353.91 100.50 


MY @ shear center* 103195.98 
sum 2A*c|*“l. 345E+05 
Vertical Imbalance* 0.00 
q @ mid spar* -488-76 










LOC K H E E D-C A U FO R N I A COMPANY 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


PREPARED BY 






APPROVED 


100 KVs/, windmill BL-ADE 


MODEL _ 

-CL] 70? 


REPORT NO. 

2.H S S 


CASE- 3 .MEAKJ L-Q^DS- 


.)! N:)M LL 3TA 477 


5X lb 

SZ lb 

MX 1 

n-lb MY In-lb 

nz In- lb 



405 

-5010 

-515000 49010 

-173000 



CALCULATED 

DATA 






XBAIl 

ZllAR 

El XX 

EIzz 

El xz 



0.55 

O 

O 

1 

1. 

05E+09 G.OOE+09 1.27E+08 


GRID PT 

X-XBAIl 


Z-ZBAP 

LOAD 

GTP.ESS 

q 1 n- 1 b 

1 

-25. 

35 

-0.87 

1584.07 

586G 92 

113.35 

2 

-4. 

32 

-3.24 

-24000.38 

-14011.27 

450.28 

3 

-0. 

30 

-3.25 

-2G941.40 

-15573.06 

186.62 

4 

3 . 

37 

-2.39 

-31G89.C5 

-13314.98 

-99. 73 

5 

C. 

57 

-1.92 

-7251.84 

-12086. 40 

-161.25 

G 

7. 

93 

-0.05 

-240C.83 

-3438.32 

-172.33 

7 

C. 

85 

1.31 

30C9.10 

6138.39 

-135.12 

8 

4. 

30 

2.57 

25033.63 

10006.49 

138.23 

9 

-0. 

48 

3.27 

29580.92 

16253.25 

422.48 

10 

-4. 

74 

3.13 

2970C.0G 

17272.13 

103.75 

11 

-25. 

35 

-0.17 

2513.21 

9308.18 

113.04 


SUPPL01F.MTAL DATA 

CELL 1 front CELL 2 rear 


2A- 134.82 145. 5'J 

correction shear flow 34'0.4G 28.22 

Q due to torsion 3G0.83 84.82 

f’.Y ij shear center= G0978.91 
sun 2A*'i = -8. 837E+04 
Vertical inibalance= 0.00 

q Q nl il spar- .-588 .25 


•n 

0 
X 

z 

u 

01 
N 

a 

N 











FORM 362B-2 


PREPARED BY DATE 

LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3- A 4^ 

CHECKED 

T 



T 100 Kw. Wt K1C3 M 1 1 1 RLADC 


APPROVED 


REPORT NO, 


E 

3-7/ S3 


C^Se- 3>. Mg-NKJ L0^D5■ 


UltiuM ILL GTA JG5 


O/I 1 ll 

3Z 11) 

I1X In- 11) 

MY In- 11) 

MZ In- lb 

200 

-3493 

-23G200 

23900 

-G4900 

CALCULATED 

XDAR 

DATA 

ZGAi! 

Elxx 

EIzz 

F.lxz 


O.ait -0.00 4.29E+00 2.0SE+00 2.83E+07 


Giun '’T X-XDAI! Z-Z 

UAfl 

LOAD 

5TPESS 

q In- lb 

1 

-22.01 

-0.G7 

408.50 

2917.3) 

101. G2 

o 

*. 

-3.92 

-2.23 

-18111.17 

-11390. G7 

454.33 

3 

-0.C6 

-2.22 

-1576G.94 

-12035.83 

219.15 

4 

3.25 

-1.C5 

-22634.04 

-1C059. 57 

-94.30 

5 

5.GG 

-1.21 

-3090.19 

-3351.85 

-154.07 

G 

G. 43 

-0.2G 

-934.30 

-333G.80 

-142.79 

7 

5.64 

1.00 

1928. C4 

3857. 28 

-lOG. 36 

3 

2.94 

1.31 

205G1.9G 

9138. 05 

215.87 

9 

-0.39 

2.18 

16150.37 

12328.91 

451.04 

10 

-3.94 

2.15 

20792.14 

1507C.81 

102.71 

11 

-22.01 

-0.30 

594.53 

4960.93 

104.28 

SUPPLE.MEIITAL DATA 







CELL 1 front i 

CELL 2 rear 



2A= 

74.49 


3G.79 



correction shear 

flo\) 3G3.35 


22. 72 



Q due to torsion 

373. 5G 


31.55 




MY vj slinnr ceiiter= 3527G.C0 
sur .1 2A*i|=-4.'J70E+04 


Vortical iioljalance= 0.00 
q Q nil! si>nr=» -G37.64 










FORM 362B-2 


PREPARED BY DATE 

LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3. A. 50 

CHECKED 

T 

; 1 OO Kw. \NINDMI UL. BLADE. 

E 

MODEL 

cu.n os 

APPROVED 

REPORT NO. 

a-T/si 


C^SE 3. ME.A.KJ LO^DS. 


■W\MOt^>l-UUTA 600 


s:; )i> 

SZ 11) MX ill- 11) 

r.Y In 

-1b 

nZ In- 11) 



12(1 

-2G50 -137GU0 

20290 

-33400 



CALCni.ATKI) 

DATA 






XU An 

ZUAi; El XX 

El2Z 


C ) xz 



U.'i2 

-0.00 l.a7E*08 

1. 

5f)E+09 4. IS 

E+07 


Glilj PT 

X-XI)AI! Z-ZOAI! 

LOAD 

STI'TSS 

q 1 n- 1 b 

i 

-20.03 

-0. 73 


354. 33 

2530.90 

116.83 

o 

-1.02 

-1.34 


-20194.05 

-12944.90 

401. 73 

j 

1.17 

-1.35 


-4959. 31 

-14109.40 

308.08 

<» 

2.37 

-1.50 


-9112. 4C 

-12149.95 

139.90 

ii 

3.93 

-1.20 


-4927.91 

-19434.91 

51.64 

Ij 

3.01 

-1.02 


-1151.37 

-9594.73 

31.38 

7 

5.G5 

-O.IG 


-C24. 50 

-34G9. 70 

22.98 

• > 

4,<J3 

0.97 


930.48 

5202.69 

43. 87 

■1 

3. 02 

1. 39 


411)3. 70 

3858.94 

129. 29 

1(1 

2, 50 

1. 73 


3944.32 

11925.70 

306.37 

11 

1. 10 

1 . 99 


3300.40 

14340.57 

370.44 

12 

-1.40 

1. 37 


22G04. 47 

14490.04 

116.00 

I'J 

-20.03 

-0. 43 


r)05.9 5 

4736. 70 

119.40 

SUPPl.I I'KCTAI. OATA. 







CELL 1 front CELL 

2 roiir 



2^= 

45. G3 


74 

. 33 



corrucL ion 

shear flow 397.91) 


21. 

04 



n due to torsion 41)1, OG 


97, 

7C 



I.Y l! sheer 

center= 24ol).‘Jo 






sun 2A*(| = -2 

. 772E+U4 






Vertical inl)nlnitce= 0.00 






q (J nil) simr" -Uu().2i) 














PREPARED BY , DATE 

a. 

LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

■i.A.c,! 

CHECKED 

T 

1 loo WINDMILL blade 

E 

MODEL _ 

CL.170S. 

APPROVED 

REPORT NO. 

37 J 53 


CA.se. N^EAN l-OAOS 


WINDMILL STA 653 


SX lb 

SZ lb 

MX 

In-lb MY In-lb 

MZ In-lb 



50 

-1810 

- 

65140 12840 

-14260 



CALCULATED 

DATA 






XBAR 

ZBAR 

Elxx EIzz 

Elxz 



0.88 

-0.01 

5 

.08E+07 1.06E+09 1.72E+07 


GRID PT 

X-XBAR 


Z-ZBAR 

LOAD 

STRESS 

q In-lb 

1 

-17. 

96 

-0.49 

-25.86 

•184.68 

148.66 

2 

0. 

07 

-1.51 

•7342.53 

-19580.09 

-54.64 

3 

0. 

98 

-1.44 

-4937.07 

-18988.73 

471.81 

4 

2. 

20 

-1.32 

-7143.14 

-17857.85 

276.80 

5 

3. 

54 

-1.16 

-2031.41 

-16251.25 

221.97 

6 

4. 

46 

-0.85 

-1570.13 

-12561.06 

180.29 

7 

5. 

00 

-0.07 

-365.06 

-2664.70 

172.40 

8 

4. 

40 

0.71 

953.05 

7624.56 

200.59 

9 

3. 

49 

1.20 

1783.95 

14271.63 

251.42 

10 

2. 

25 

1.44 

7120,42 

17801.04 

451.59 

11 

0. 

98 

1.57 

5178.92 

19918.91 

-66.51 

12 

0. 

10 

1.62 

7825.63 

20868.55 

150.38 

13 

-17. 

96 

-0.17 

553.24 

3951.68 

157.54 


SUPPLEMENTAL DATA 

CELL 1 front CELL 2 rear 
2A" 18.25 67.74 

correction shear flow 409.07 19.38 

Q due to torsion 410.85 138.16 

MY 0 shear center* 16858.96 
sum 2A*q=-l. 124E+04 

Vertical Imbalance* -0.00 
q 0 mid spar* -662.38 


"n 

0 

X 

z 

u 

Oi 

K 

o 










LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


PREPARED BY 





100 KW. WINJDMIUL 6L.^DE 


PAGE 

^ K .52. 


REPORT NO. 

2-7 1 5 ?» 


CASE 3. MEAN LOADS. 


vniMOMIlu sTA 697 


SX 1b 

SZ 1b MX 

In-lb MY In-lb 

MZ In-lb 



n 

-1160 

27400 8650 

-5650 



ULATED 

DATA 


Elxz 




ZBAR El XX EIzz 



0.57 

-0.03 2 

.74E+07 7.98E+08 1.17E-»07 


i PT 

X-XBAR 

Z-ZBAR 

LOAD 

STRESS 

q In-lb 

1 

-15.54 

-0.40 

-92.92 

-663.68 

142.18 

2 

0.45 

-1.17 

-4473.28 

-11928.76 

-46.13 

3 

1.28 

-1.05 

-2833.96 

-10899.84 

415.05 

4 

2.27 

-1.09 

-2879.97 

-11519.90 

295.18 

5 

3.23 

-0.92 

-1251.88 

-10015.05 

243.55 

6 

4.15 

-0.69 

-789.62 

-7896.21 

211.46 

7 

4.63 

-0.15 

-255.40 

-2554.04 

202.06 

8 

4.15 

0.53 

551.29 

4410.36 

226.88 

9 

3.23 

0.96 

1118.65 

8949.17 

275.31 

10 

2.25 

1.13 

2719.60 

10878.39 

391.77 

11 

1.33 

1.21 

3090.52 

11886.63 

-56.54 

12 

0.45 

1.28 

4794.47 

12785.25 

146.33 

13 

-15.54 

-0.12 

302.51 

2160.78 

152.60 


SUPPLEMENTAL DATA 


CELL 1 front 
11.70 


correction shear flow 347.75 
Q due to torsion 384.64 

MY 0 shear center* 10921.73 
sum 2A*q=“6 . 186E+03 
Vertical Imbalance* -0.00 
a @ mid spar* -579.79 


CELL 2 rear 
47.67 
17.92 
134.68 










form 362B-2 


LOCKHEED-CALIFORNJA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


PREPARED BY y DATE 


CHECKED . 


APPROVED 


T 100 ICVVJ. \^JINDMI.L_L (?>LAdH 


VfODEL w 

CU10*» 


REPORT NO. 

^"7153 


CASE 4-. ME. AN LOADS . 


imiDtllLL STA 43.00 


SX lb 

GZ lb 

rx in- lb 

IlY in- lb HZ 

1 n- 1 b 

11420 

-16530 

0 

0 

0 

CALCULATED 

XEAR 

DATA 

ZGAR 

El XX 

EIzz 

Elxz 

1. GO 

0.22 

1. 38E+10 

2.G5E+10 

2.20E+07 


GP.in PT 

X-XBAR 

Z-ZDAR 

LOAD 


STRE5G 

q i n- 1 1) 

1 

-40.16 

-2. 72 


0.00 

0.00 

126. 10 

2 

-7.03 

-12.03 


0.00 

0.00 

351.32 

3 

-0.65 

-11.64 


0.00 

0.00 

63.61 

ii 

G.40 

-3.90 


0.00 

0.00 

-273.60 

5 

10.54 

-5.15 


0.00 

0.00 

-364.37 

C 

11.50 

0.G3 


0.00 

0.00 

-434.71 

7 

9.62 

6.33 


0.00 

o.oc 

-440.64 

U 

5.10 

9.05 


0.00 

0.00 

-233. 05 

9 

-2.50 

11.50 


0.00 

0.00 

75.13 

10 

-3.51 

10.96 


0.00 

0.03 

-41.21 

11 

-40.16 

-0. 73 


0.00 

0.00 

46.96 

SUPPLEI'.EIITAL 

DATA 







CELL 

1 front 1 

3ELL 2 

roar 



2A= 

741 

.13 

309.39 




correction shear flow 400. 

08 

41. 33 





Q due to torsion 14.49 5.63 

nV d shear center-" 15291.98 
sum 2 A*q=-4 . 4 7 7 E+0 5 
Vertical imbalance-- 0.00 
q Q nid spar= -367.61 









LOCKHEED-CALIFORNIA COMPANY 
A DIVtSlON OF LOCKHEED AIRCRAFT CORPORATION 


PREPARED BY 


i>)7i 


APPROVED 


I ioo k-.W. VilNDMlLL BL-ADE 


PAQE 

MODEL ^ 

CU70^ 


REPORT NO. 


CASE 4-. hAEAN LOADS . 


Ria REACT. 

JGTA 81. 50 




3X lb 

.52 lb MX in- lb IlY in- lb 112 

i n- 1 b 



-55u0 

17G80 0 -2950 

0 



CALCULATEU 

DATA 




XDAR 

2UAIt El XX EIzz 

Cl xz 



1.02 

-0.05 1.5'JE+IO 2.95E+10 

9. 03E+08 



GRID PT 

X-XLiAU 2-ZBAR LOAD 

STRES 

5 

q i n- 1 b 

1 

-39.42 -2.43 

0.00 

0.90 

-127.90 

2 

-7.G3 -10.73 

0,00 

0. 00 

-320. 99 

3 

-l.lfa -10. GO 

0.00 

0.00 

17. 70 

4 

0.12 -8.40 

0.00 

0, 00 

391. 24 

5 

10.51 -5.23 

o.nt) 

0.00 

430. 2/ 

C 

12.06 0.15 

0.00 

0.00 

5C0. 00 

7 

10.53 5.55 

0.00 

0.00 

543. 30 

8 

G.IO 0.93 

o.no 

0.00 

281. 55 

0 

-1.44 10.85 

0.00 

0,00 

-70. 34 

10 

-7.50 10.43 

0.00 

0.00 

34 . 43 

11 

-39.42 -0.23 

0.00 

0. 00 

-54. 72 


GUPPLEriEDTAL DATA 

CELL 1 front CELL 2 rear 


2A= GU7.73 743.30 

correction shear flov/ -338.21 -40.08 

Q (iue to torsion -50. 78 -14.04 

I'Y J sitear center= -458C7.151 
sun 2A*q= 4.307E+05 
Vertical itibo>ance= 0.00 

q (J riid spar= 354.27 








FORM 362B<2 


LOCKHEED-CALIFORNIA COMPANY 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


PREPARED BY Jy DATE 

3/y 


PAGE 

3 55 


APPROVED 


I loo Kw. \amkidh I L u Blade , 


MODEL 

CLno? 


REPORT NO. 

^7I5S 


CKSE -4-. I^EAN LOADS. 


Minuu 5iTA r. 1.50 


r.x lb 

r.z IK !‘.X 

In- lb MY In- lb 

t;7 In- lb 



-?40 

-no -5 

r.0 4CO 20 51 

-323500 



CALCIM.ATF.D 

DATA 





xr.AR 

ZBAR El XX EIzz 

rixz 



1.02 

-0.05 1 

.50E+10 2.93C+10 9.08E+0 



OR ID f'T 

X -xr.AR 

Z-ZLAR 

LOAD 

CTRESS 

q In-lb 

1 

-3<J.42 

-2.43 

2407.95 

3837.41 

-0.98 

2 

-7.03 

-10.73 

-5254.04 

-3054.67 

1.01 

5 

-I.IC 

-10.69 

-11113.29 

-3832.17 

-0.87 

•* 

fi.l2 

-8.40 


-3065. 73 

-0.7' 

5 

10.51 

-5.23 

-3221.12 

-3221.12 

-0.13 

0 

12 . or. 

0.15 

-2093.01 

-1409.95 

1.72 

7 

10.58 

5.55 

77C.B9 

77C.89 

2.8C 

.1 

C.IO 

0.93 

0531. 68 

2577.55 

6.01 

1 

-1.44 

10.25 

11570.51 

4207.40 

7.25 

ir. 

-7.50 

10.43 

3235.05 

4787.82 

3.15 

. U 

-30.42 

-0.?3 

3011.25 

4705.07 

1.12 


sum ftiU^MTAL DATA 

CELL 1 front CELL 2 roar 


2A= CO 7. 73 743.30 

correction shear flov/ 1.64 D.lf. 

Q due to torsion 3.4S 0.9C 

MY ij shear center*! 3141.88 
sun 2A*q=-2.260E+03 
Vertical inhalance= -0.00 
q (J nIH spar = 


-4.00 









lockheed-california company 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


PAGE 


PREPARED BY 


^ 3/75 


3. A. S6 


APPROVED 


T too k.w. NN 1 NPM I LL BL^DE 


MODEL ^ _ 

CLHOS 


REPORT NO. 

.2.7153 


CASE 4. MEAN LOADS. 


WINDMILL STA 125 


SX 1b 

SZ 1b MX 

In-lb 

MY In 

-lb MZ In-lb 




-215 

-20 

502300 

6780 -222400 




CALCULATED 

DATA 







XBAR 

ZBAR El XX 

EIzz 

Elxz 




0.85 

-0.16 

1.24E410 

2. 

75E-H0 1.28E-»09 



GRID PT 

X-XBAR 

Z-ZBAR 

LOAD 

STRESS 

q In-lb 

1 

-38.97 


-2.02 

1807.95 


3064.33 

0.80 

2 

-8.53 


-9.24 

-5118.57 


-2975.91 

5.47 

3 

-2.05 


-9.32 

-10425.36 


-3658.02 

4.80 

4 

5.47 


-7.60 

-11797.96 


-3698.42 

5.97 

5 

10.28 


-4.67 

-3707.54 


-2966.03 

6.92 

6 

12.45 


-0.20 

-1783.71 


-1331.12 

8.21 

7 

11.20 


4.56 

958.07 


766.46 

9.35 

8 

6.52 


7.86 

8302.18 


2602.57 

11.17 

9 

-0.93 


9.63 

11633.98 


4082.10 

11.18 

10 

-7.35 


9.26 

7863.38 


4571.73 

4.39 

11 

-38.97 


-0.14 

2267.57 


3843.34 

2.60 

SUPPLEMENTAL DATA 








CELL 1 front 

CELL 2 rear 




2A- 


632.44 


630.93 




correct Ion 

shear flow 

0.29 


-0.00 




Q due to torsion 

8.25 


2.60 





MY @ shear center- 6858.13 


sum 2A»q--4. 461E+02 
Vertical Imbalance- 
q 0 mid spar- -5.94 


•»| 

0 

a 

z 

CO 

0» 

ro 

Q 

N 


0.00 











FORM 362B-2 


PREPARED BY 



LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


i lOO K.W.NNIKJDMilL e>UADE, 


REPORT NO. 

^71 SS 


CAS E. 


mean loads 


WINDMILL ST^ 1R7.5 


SX Ih 

SZ Ih i:X In-lb 

I'.Y In-lb 

IIZ In-lh 



-200 

110 -3S0120 

GOOO 

-1203.30 



CALCULATED 

DATA 





XBAR 

Zr.AR El XX 

rizz 

Elxz 



1.22 

-0.12 S.21E+00 

1.91F.+10 3.50r + 

• 1 1* 


GRID PT 

z-zr.A 

.1 . 

LOAD 


0 1 n- 1 b 

1 

-30.80 

-1.51 

840.55 

2G2G. 72 

0.68 

2 

-9.32 

-7.50 

-4001.36 

-2710. 33 

4.13 

3 

-3.10 

-7. C7 

-9301.11 

-3353.97 

6.35 

4 

4.50 

-G.12 

-10401.40 

-3260.83 

1''.77 

5 

3.45 

-4.25 

-3408.72 

-2793.07 

12.8 6 

G 

11.30 

0.20 

-137C.40 

-395.82 

14.3 2 

7 

0.4G 

4.77 

1820.53 

1456. 42 

15.27 

3 

S.3G 

6.56 

7050.22 

2643. OC 

14.30 

9 

-i.f.n 

7.73 

1133G.86 

3773.05 

10.40 

10 

-8.54 

7.42 

7249.35 

4214.74 

3.40 

11 

-30.3'' 

-'’.3" 

1023.05 

3197.04 

2.00 


sur>Pl.Ef•.F.;:T^L dat*. 


CELL 1 front CELL 2 rear 


2A- 530.45 

correction shear flow -2.72 

Q due to torsion S.24 

liY G shear center= 5534. G2 
sum 2A*q= 3.1G4E+03 
Vertical Imbalance” G.OO 
q Q mid spar» -3.52 


492.59 

-0.36 









FORM 362B-2 


PREPARED BY yj uai t 


approved 


LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


too KyV' YVIMDM\ L.L EUADg. 


PAGE 

S.L. 5S 


MODEL 

Cl-lloS 


REPORT NO. 

Z->I ^3 


CASE 4> ME.ANJ loads. 


U I MU. i ILL 5TA 23S.0 

lb SZ lb 
-lUO 210 

CALCULATED DATA 


MX In- lb 
-290400 


MY 


I n- 1 b 
3490 


MZ In- lb 
-72800 


XBAP. 


ZUAIl 


El XX 


0.95 


0.02 


.99E+09 


El zz 

1.68E+10 


El xz 

9. 24E+08 


grid PT x-xbar 

Z-ZBAR 

LOAD 

STRESS 

q 1 n- 1 b 

1 -37.20 

-1.50 

601.49 

1879.67 

-0.76 

2 -9.17 

-6.74 

-4627.23 

-2690.25 

-0.38 

•j -3.22 

-6.92 

-8188.49 

-3198.63 

5.12 

4 4.19 

-4.84 

-8585. 33 

-2690. 70 

12.53 

5 9.15 

-3.84 

-3181.21 

-2544.97 

15. 76 

G 11.39 

0.05 

-970. 53 

-776.43 

17.54 

7 10.03 

3.55 

789.48 

1052.64 

17.52 

0 0.23 

5.44 

6633.65 

2256.34 

13.93 

9 -1.10 

6.75 

10264.64 

3421.55 

6.02 

10 -7.99 

6.46 

6473.06 

3763.41 

2.05 

11 -37.20 

-0.32 

788.49 

2464.02 

0. 58 

GOPPLEiiEflTAL DATA 





CELL 1 front 

CELL 2 rear 



2A= 

439.20 

410. 51 



corrijction shear flow 

-5.94 

-0.77 



n dun to torsion 

4.62 

1.35 




MY U slinnr center= 2580.88 
sun 2A»<!= 5.759E+03 
Vortical iribalance= -0.00 
q J r-,iil spar- 1.90 









LOCKHEED. CA LI FORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


PAGE 


PREPARED BY ^ DATE 

^ ^ 3/75 


I APPROVED 


T loo KW. windmill (51-NDE 


b.a.59 


REPORT NO. 

^•71 S3 


CASE. 4-. LOAOS. 


WINDMILL STA 301 


SX lb 

SZ lb 

MX In-lb 

MY In-lb 

MZ In-lb 



-145 

325 

-180880 

2640 

-30250 



CALCULATED 

DATA 






XBAR 

ZBAR 

El XX 

EIzz 

Elxz 



0.69 

-0.06 

4.19E*09 

1.32E*10 3.90E*08 


GRID PT 

X-XBAR 

Z-ZBAR 

LOAD 

STRESS 

q In-lb 

1 

-33. 

79 

-1.17 

214.83 

692.99 

-1.39 

2 

-7. 

61 

-5.61 

-3722.93 

-2164.49 

-3.25 

, 3 

-2. 

11 

-5.72 

-5922.94 

-2407.70 

7.12 

4 

4. 

19 

-4.80 

-6004.86 

-2232.29 

18.77 

5 

8. 

12 

-3.50 

-1807.73 

-1807.73 

22.59 

6 

10. 

63 

-0.34 

-604.22 

-525.41 

24.52 

7 

9. 

03 

3.22 

1076.58 

1076.58 

23.18 

8 

5. 

50 

4.68 

4938.07 

1835.71 

15.24 

9 

-1. 

13 

5.72 

6937.48 

2522.72 

2.46 

10 

-7. 

63 

5.46 

4542.31 

2640.88 

1.06 

11 

-33. 

79 

-0.14 

353.41 

1140.03 

-0.29 


SUPPLEMENTAL DATA 


CELL 1 front 


2A- 344.97 

correction shear flow -11.49 
Q due to torsion 3.48 

MY '3 shear center- 1484.70 
sum 2 A*q- 8.116E^03 
Vertical Imbalance- -0.00 
q 8 mid spar- 7.72 


CELL 2 rear 
316.67 
-1.19 
0.90 


•n 

0 

a 

z 

u 

01 

10 

D 










1 

LOCKHElED-CALIFORNIA company 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3 . ^ . 6o 

CHECKED 

T 

1 

loo Kyj WIKJDMIUL. G>LAD£. 

MODEL 

CLITOS 

APPROVED 

L 

E 

REPORT NO. 

i"7l 53 

C^£>E 4. LOA.DS . 



WiNOMiuL. STA 389.0 


SX lb 

SZ 1b MX 

In-lb 

MY In-lb 

MZ In-lb 



-115 

510 

75300 

1600 

-11550 



CALCULATED 

DATA 






XBAR 

ZBAR Elxx 

EIzz 

Elxz 



0.54 

-0.13 2 

.28E«09 

9.22E+09 2.52E«08 


GRID PT 

X-XBAR 

Z-ZBAR 

LOAD 

STRESS 

q In-lb 

1 

-29.34 


-1.19 

71.38 

237.94 

-3.88 

2 

-6.24 


-4.34 

-2248.57 

-1307.31 

-9.26 

3 

-1.8l( 


-4.38 

-2576.57 

-1415.70 

8.09 

4 

3.89 


-3.61 

-4095.60 

-1283,89 

36.37 

5 

8.40 


-2.13 

-667.47 

-889.96 

41.15 

6 

9.53 


0.13 

-98.39 

-163.98 

42.05 

7 

8.18 


2.40 

464.19 

618.93 

39.14 

8 

4.86 


3.62 

2936.68 

1095.78 

19.73 

9 

-0.68 


4.46 

3362.49 

1494.44 

-3.15 

10 

-6.04 


4.28 

2666.92 

1550.53 

-1.44 

11 

-29.34 


-0.05 

184.94 

616.46 

-3.04 


SUPPLEMENTAL DATA 

CELL 1 front CELL 2 rear 


2A- 227.33 226.28 

correction shear flow -21.89 -2.65 

n due to torsion -1.37 -0.39 

MY 0 shear center* -400.31 
sum 2A*q* 1.098E-*’04 
Vertical Imbalance* -0.00 
q 0 mid spar> 20.22 











PttePARED BY DATE 

lockheed-california company 

A OlVJSlON OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3.A. i 1 

CHECKED 

T 

1 lOO <W. VNINOMiLL &LADE. 

E 


approved 




CASE 4 -. LOKOS. 


./INDMILL STA 1*77 


GX lb 

GZ lb 

nx 

In-lb MY In-lb 

11Z In- lb 



-75 

560 

- 

1G460 935 

-5220 



CALCULATED 

DATA 






XBAR 

ZBAR 

El XX EIzz 

Elxz 



0,55 

1 

o 

o 

1 

.05E*Q9 6.00E+09 1.27E+08 


GRID PT 

X-XBAR 


Z-ZBAR 

LOAD 

STRESS 

q In- lb 

1 

-25. 

35 

-0.87 

45.29 

167. 75 

-4.10 

2 

-4. 

82 

-3.24 

-776.21 

-451.29 

-13.15 

3 

-0. 

80 

-3.23 

-861.63 

-498.05 

16.29 

4 

3. 

37 

-2.39 

-1005.08 

-422.30 

48.79 

5 

6. 

57 

-1.92 

-228.58 

-380.96 

55.86 

5 

7. 

93 

-0.05 

-72.57 

-103.67 

57.38 

7 

C. 

85 

1.31 

100.69 

201.39 

53.39 

O 

a 

4. 

30 

2.57 

836.32 

351.39 

23.30 

9 

-0. 

48 

3.27 

944.20 

513.79 

-8.55 

in 

-4. 

74 

3.15 

942.61 

548.03 

-2.34 

11 

-25. 

35 

-0.17 

74.97 

277.65 

-3.72 


SUPPLE.'lEtlTAL DATA 

CELL 1 front CELL 2 reor 
2A= 131}. S2 145.39 

correction shear flow -38.09 -3.16 

Q due to torsion -2.40 -0.56 

MY ij slienr center- -405.00 
sum 2A*q= 9.385E+03 
Vertic.il imbalance- -0.00 
q 0 nid spar- 36.77 








PREPARED BY - u/m e. 

3/95 



UOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


100 KW.WINDMJLL bLAvDE 


MODEL 

CUlTO'i^ 


REPORT NO. 

53 


4. ME-Aki loads. 


Ul twill UL GTA 5C5 


GX lb 

GZ 1b MX 

In-lb IIY In-lb 

nz In- lb 




-35 

550 

4150 420 

-2735 




CALCULATED 

DATA 






XDAP 

ZUAR Etxx EIzz 

El xz 




0.34 

-0.00 4 

.29E+08 2.68E+09 2.33E+07 



GRID PT 

X-XBAU 

Z-ZBAR 

LOAD 

STRESS 

q In- lb 

1 

-22.01 

-0.G7 

37. IG 


2C5.44 

-4.55 

2 

-3.92 

-2.28 

404.55 


254.44 

-18.31 

3 

-0.G6 

-2.22 

28G.G5 


218.82 

18. G9 

4 

3.25 

“1. 05 

203.57 


128.25 

68.13 

5 

5.GG 

-1.21 

23. GS 


63.91 

74.40 

6 

G.43 

-0.26 

-9.C3 


-34.40 

75.80 

7 

5.G4 

1.00 

-74.10 


-148.21 

70.10 

8 

2.94 

1.81 

-452.91 


-201.29 

19.43 

9 

-0.39 

2.18 

-2C4.31 


-201. 7G 

-17.55 

13 

-3.94 

2.15 

-271.81 


-170.95 

-4.64 

11 

-22.01 

-0.30 

32.19 


229.90 

-4.93 


SUPPLCllCtlTAL DATA 


correction shenr f1o\/ -57.18 

o duo to torsion -G.2G 

IlY d slionr center" -583.04 
sun 2A*.|= 7.823E+03 
Vorticnl I rnlial ance= -0.00 
q 0 rild spar" 58.52 


CELL 1 front CELL 2 rear 
74.49 36. 7D 

-57.18 -5.58 

-G.2G -1.35 










PREPARED BY 


^ 3/75 


LOC K H E E D -C A LI FO R N I A COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


PAGE 

!>. A. 43 


APPROVED 


100 KW.VJINDMilL blade, 


MODEL 

CL.l7.Q*g: 


REPORT NO. 

^~7i S3 


CASE. 4 N\EAN L-OAOS 


\m\MdmiU-STA goo 


g;; lb 

SZ 1b 

MX In-lb 

MY 

1 n-lt> 

MZ In- 1b 

-20 

370 

5080 


240 

-1012 

CALCULATED 

XCAI! 

DATA 

ZRAR 

El XX 

El 

1 zz 

Elxz 


0.02 -0.00 1.87E+0a 1.56E+09 4.18E+07 


GRID PT 

X-XBAR 

Z-ZBAR 

LOAD 

STRESS 

q I n- 1 b 

1 

-20.08 

-0.73 

43. 37 

309. 79 

-4.26 

'1 

-1.C2 

-1.84 

783.05 

502.53 

-6.46 

3 

1.17 

-1.85 

171.92 

401. 20 

6.63 

4 

2.57 

-1. 50 

202. 40 

389.37 

30.16 

5 

3.93 

-1.20 

142.04 

302.21 

42.52 

6 

5.01 

-1.02 

29.70 

243.20 

45.34 

7 

5.G3 

-0.16 

2.43 

13.48 

46. 56 

J 

4.03 

0.97 

-51.74 

-287.42 

43. 66 

9 

3.62 

1.30 

-185.17 

-303.08 

31. 76 

10 

2.30 

1. 73 

-350. 21 

-478.04 

7.07 

11 

1.10 

1.99 

-124.88 

-542.95 

-1.87 

12 

-1.40 

1.37 

-776. 9G 

-408.05 

-4.03 

13 

-20,08 

-0.48 

32.06 

228.97 

-4.57 

SUPPLEMEIiTAL 

DATA 






CELL 

1 front 

CELL 2 rear 




2A= 43.68 74.35 

correction shear flo\v -55.57 -5,02 

Q iluc to torsion -C.34 -1.54 

MY U stiear center^* -391.52 
SUP) 2A*<|= 3.371E+03 
Vertical lribalance= -0.00 
0 Q til >J spnr=» 


57. 35 











PREPARED BY y/ DATE 

/2 3/7^ 

LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3. A- 

CHECKED 

T 

1 ICO Kyj. V/IKIDM 1 LU 6 LADE. 

E 

■aaiflar-a 

APPROVED 



CAvSE 4 -. ME^Vs) LO^DS. 


WINDMILL STA 653 


SX lb 

SZ 1 b MX 

In-lb MY In-lb 

MZ In-lb 



-10 

270 

3240 135 

-1330 



CALCULATED 

DATA 





XBAR 

ZBAR Elxx EIzz 

Elxz 



0.88 

-0.01 5 

.08E+07 1.06E«09 1.72E*07 


GRID PT 

X-XBAR 

Z-ZBAR 

LOAD 

STRESS 

q In-lb 

1 

-17.96 

-0.49 

49.38 

352.70 

-5.43 

2 

0.07 

-1.51 

360.97 

962.60 

24.90 

3 

0.98 

-1.44 

238.18 

916.07 

-20.47 

4 

2.20 

-1.32 

334.82 

837.05 

8.64 

5 

3.54 

-1.16 

91.54 

732.32 

16.83 

6 

4.46 

-0.85 

66.63 

533.04 

23.07 

7 

5.00 

-0.07 

4.86 

35.49 

24.26 

8 

4.40 

0.71 

-57.45 

-459.57 

20.07 

9 

3.49 

1.20 

-96.18 

-769.42 

12.49 

10 

2.25 

1.44 

-367.78 

-919.45 

-17.35 

11 

0.98 

1.57 

-259.85 

-999.42 

26.79 

12 

0.10 

1.62 

-386.00 

-1029.33 

-5.57 

13 

-17.96 

-0.17 

20.87 

149.06 

-6.70 


SUPPLEMENTAL DATA 



CELL 1 front 

CELL 2 rear 

2A- 

18.25 

67.74 

correctlon shear flow 

-61.03 

-2.89 

Q due to torsion 

-11.33 

-3.81 

MY @ shear center- 

-464.72 



sum 2A*q‘’ 1.677E+03 
Vertical Imbalance** 


q B mid spar* 65.66 


■n 

0 

X 

s 

(l) 

0 ) 

K 

a 


0.00 







PREPARED BY 




LOCKHEED*CALlFORNlA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


PAGE 


CHECKED 


APPROVED 


100 KVV. WlKJDNlI LL ^UADE. 


MODEL 

CL1108 


REPORT NO. 

■a •>153 


CASE. 4-« N1E.AN1 LOADS. 


STA 697 


SX lb 

SZ lb 

MX 

In-lb MY Jn-lb 

MZ In-lb 



0 

180 


1500 150 

-910 



CALCULATED 

DATA 






XBAR 

ZBAR 

El XX EIzz 

Elxz 



0.57 

1 

o 

o 

on 

2 

.74E407 7.98E+08 1.17E+07 



GRID PT 

X-XBAR 


Z-ZBAR 

LOAD STRESS 

q In-lb 

1 

-15. 

54 

-0.40 

38.15 

272.52 

-3.66 

2 

0. 

45 

-1.17 

239.41 

638.41 

25.56 

3 

1. 

28 

-1.05 

148.23 

570.12 

-11.85 

4 

2. 

27 

-1.09 

147.15 

588.58 

6.75 

5 

3. 

23 

-0.92 

61.57 

492.56 

14.76 

6 

4. 

15 

-0.69 

36.39 

363.94 

19.74 

7 

4. 

63 

-0.15 

6.77 

67.65 

21.20 

8 

4. 

15 

0.53 

-37.72 

-301.77 

17.35 

9 

3. 

23 

0.96 

-66.66 

-533.28 

9.83 

10 

2. 

25 

1.13 

-155.68 

-622.72 

-8.24 

11 

1. 

33 

1.21 

-172.44 

-663.25 

27.17 

12 

0. 

45 

1.28 

-261.92 

-698.46 

-4.31 

13 

-15. 

54 

-0.12 

16.76 

119.73 

-5.28 


SUPPLEMENTAL DATA 



CELL 1 front 

CELL 2 rear 

2A- 

11.70 

47.67 

correctlon shear flow 

-53.96 

-2.78 

Q due to torsion 

-7.13 

-2.50 

MY 8 shear center* 

-202.51 



sum 2A*q> 9.600E«^02 
Vertical Imbalance- 
q 8 mid spar* 55.82 


L 


0.00 










3) 

z 

m 

K> 

O 

M 


PRCPARED BY DATE 

3/7r 

LOC K H EE D-C A LI FOR N (A COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

■h.K (>6 

CHECKED 

T 

T loo Kyv. WINJOMH-L BL^D£ 

L * 

E 

ICCSEQgH 

APPROVED 

REPORT NO. 

a-7/s^ 


C^SE. 1,3. i.4-. OVCHC UOKDS . 


WltlDHILL STA 1*3.00 


SX lb 

SZ lb MX I 

n-lb MY In 

-lb MZ In-lb 



10630 

6602 

0 

0 0 



CALCULATED 

DATA 





xba:? 

ZUAR El XX 

EIzz 

El xz 



1.60 

0.22 1, 

83E+10 2. 

65E*10 2.20E+07 


GRID PT 

X-XCAR 

Z-ZUAR 

LOAD 

STRESS 

q I n- 1 b 

1 

-40.16 

-2.72 

0.00 

0.00 

73.23 

2 

-7. 00 

-12.03 

o.no 

0.00 

77. 37 

3 

-0.65 

-11.64 

0.00 

0. 00 

202. 74 

4 

6.40 

-3.90 

0.00 

0.00 

219. 66 

5 

10.54 

-5.15 

0.00 

O.OC 

195. 22 

6 

11.50 

0.63 

0.00 

0.00 

95.06 

7 

9.62 

6. 33 

0.00 

0.00 

35.08 

3 

5.10 

9.63 

0.00 

0.00 

-144. 27 

9 

-2.53 

11.50 

0.00 

0.00 

-226.05 

10 

-8.51 

10.96 

0.00 

0.00 

-104. 54 

11 

-40.16 

-0. 73 

0.00 

0.00 

-17.45 

supplcmeiital data 






CELL 

1 front 1 

CELL 2 rear 



2A= 

741.13 

309.39 




correction shear flow -142.22 -15.79 


Q due to torsion -4.27 -1.G6 

flY Q shear center= -4510.37 
sum 2A*u= 1.635E+0S 
Vertical Imbalance® 0.00 
q nid spar® 129.05 










FORM 362B-2 


LOCK HEED. CALIFORNIA COMPANY 
A DlVtSlON OF LOCKHEED AIRCRAFT CORPORATION 


PREPARED BY . 


APPROVED 


too KVJ.NlsMNOMILL BLADE, 


■3. ^.^7 

MODEL 

CUT 0 5 


REPORT NO. 

nil 5 2 


case. 1.2x4-. CVCLIC LOADS. 


PIE REACT. 

'jSTA 81.50 





8 A 1 h 

sz 11 ) rx i 

n-lh IlY in- lb 112 

i n- 1 1) 



12780 

6520 

0 -4100 

0 



CALCULATCn 

DATA 





XCAP 

ZRAR Elxx 

E 1 Z7. 

El X7. 



1.02 

-0.05 1. 

59E+10 2.93E+10 

O.COC+OO 



GRID PT 

X-XUAt! 

Z-ZCAI! load 

GTRC 

o s 

q i n- 1 b 

1 

-39.42 

-2.43 

0.00 

0.00 

94. 73 

2 

-7.63 

-10. 75 

0.00 

0.00 

97.28 

3 

-1. 16 

-10. CO 

0.00 

0.00 

231.00 

4 

6.12 

-8.40 

0.00 

0.00 

251. 73 

5 

10. 51 

-5.23 

0.00 

0.00 

227. 45 

6 

12.06 

0.15 

0.00 

0.00 

128.92 

7 

10.58 

5. 55 

0.00 

0.00 

02. T! 

u 

6.10 

8.93 

0.00 

0. 00 

-136. 62 

9 

-1.44 

10.85 

0.00 

0.00 

-234.96 

10 

-7. 50 

10.43 

0.00 

0.00 

-125. 16 

11 

-39.42 

-0.23 

0.00 

0.00 

-17.93 


SUPPLDIEMTAL DATA 

CELL 1 front CELL 2 rear 


2A= G97.73 745.30 

correction shear flow -121. 9G -12.29 

Q due to torsion -20.40 -5.64 

‘!Y ij shear center= -18425.22 
sun 2A»c]= 1.G67E+05 
Vertical inbalance= 0.00 

q a ni d sDijr= 124. 45 










FORM 362B-2 


PREPARED BY . DATE 

LOCKHEED-CALIFORNIA COMPANY 
A OtVtStON OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

CHECKED 

I 100 K.W. vs/ikiomill Blade 

E 

MODEL 

CL.I70S 

APPROVED 

REPORT NO. 


1.2.^;, 4-. CVCUC L-QKDS . 


Uir.DhlLL STA 81.50 


SX lb 

SZ lb MX In-lb 

MY In-lb 

MZ In- lb 



-1525 

-960 -183500 

4100 

371400 



cAi.riii.ATf.n 

DATA 





XRAR 

ZBAR Rlxx 

fizz 

F. 1 xz 



1.02 

-0.05 1. 596+10 2.936 + 10 9.0RF.+08 


GP.in I'T 

X-XBAP, 7.-ZBAR LOAD 

6TRE.6S 

q In-lb 

1 

-39.42 

-2.43 

-3271.18 

-5111.22 

-9.75 

A 

-7.68 

-10.73 

-3122. '•7 

-2116.20 

-5.66 

3 

-1.16 

-in.f.9 

-37F9.84 

-1299.95 

-25.16 

4 

6.12 

-8.40 

-490.41 

-156.55 

-30.77 

S 

10.52 

-5.23 

726.68 

726.68 

-28.51 

6 

12.00 

0.15 

2864.80 

1409.04 

-16.80 

7 

10.58 

5.55 

190 2.. 60 

1002.60 

-8.31 

8 

C. 10 

8.93 

5685. FI 

1717.71 

18.80 

9 

-1.44 

10.85 

2745.16 

098.25 

33.97 

in 

-7.50 

1C. 43 

356.76 

207.42 

16.50 

11 

-39.42 

-0.23 

-3118.71 

-4872.08 

3.78 

GUPPl.fMF.IJTAL DATA 






CELL 1 front CELL 

2 rear 




2A= 697.73 743.30 

correction shear flow Ifi.l" 1.S7 


i clue to torsion G.91 1.91 

MV j shear center** 6242.09 
sum 2A*q=-2.478E+04 
Vertical Imbalance** 0.00 
q Q mid spar** -21.31 











LOCKHEED. CALI FORMA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


PREPARED BY 


3/7 S' 


PAGE 

3 


CHECKED 


APPROVED 


loo WIND LL iS)L.ADE 


MODEL ^ ^ 

c \-M0^ 


REPORT NO. 

a.7/53 


CASE. I 


CYCL\C loads . 


WINDMILL STA 125 


SX 1b 
-1140 


SZ 1b 
-473 


MX In-lb 
-121740 


MY In-lb 
2430 


MZ In-lb 
325900 


CALCULATED DATA 

XBAR ZBAR Elxx EIzz 

0.85 -0.16 1.24E^10 2.75E+10 1.28E+09 


GRID PT 
1 
2 

3 

4 

5 

6 

7 

8 
9 

10 

11 


SUPPLEMENTAL DATA 


2A> 


lAR 

Z-ZBAR 

LOAD 

STRESS 

q In-lb 

-38.97 

-2.02 

-2732.99 

-4632.18 

-6.87 

-8.53 

-9.24 

-3047.16 

-1771.61 

-6.84 

-2.05 

-9.32 

-2956.04 

-1037.21 

-18.18 

5.47 

-7.60 

-92.03 

-28.85 

-19.46 

10.28 

-4.67 

967.09 

773.67 

-16.32 

12.45 

-0.20 

1885.10 

1406.79 

-9.77 

11.20 

4.56 

2092.05 

1673.64 

-2.26 

6.52 

7.86 

4537.45 

1422.40 

14.53 

-0.93 

9.63 

2059.25 

722.54 

22.79 

-7.35 

9.26 

-75.23 

-43.74 

11.88 

-38.97 

-0.14 

-2637.48 

-4470.31 

2.70 

CELL 

1 front 

CELL 2 rear 



632 

.44 

630.93 



Mow 8. 

66 

1.02 




Q due to torsion 5.31 

MY @ shear center* 4411.07 
sum 2A*q*-1.250E*04 
Vertical Imbalance* 0.00 
q 8 mid spar* -11.27 


1.67 


*n 

0 

X 

z 

u 

0) 

N 

D 

M 











PREPARED BY yy DATE 

^ y 3/^5 

CHECKED 


approved 


T 

I 

T 

L 

E 


LOG K H E E D-C A U FO R N 1 A COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


100 K,W.\AilNDMlLL (3UKDE. 


PAGE 

MODEL 

ouno? 


REPORT NO. 


^T/53 


CASfc. 1^2- 4 ■4-. Cyclic loads . 


V/IHnM|i I- ST A lo7.5 


If) 

-IITJ 

CALCI-l.;,T'r;r) 
A l)Ai\ 

T.n? 


r.7. )h 

-V', 

0."TA 

Zi'.Ac; 

- 0.12 


( In-lh 
-Gr.;i50 


».Y 


In-lh 
10 00 


! 7. tn-T' 
20?7''0 


rixx 

0 . 21 F .+00 


ri/./. 

I.OIF+IO 


r: I x-7 


09E+O8 


CR 1 D r r 

;;-xn',r! 

Z.-ZBAR 

LOAD 

STRESS 

q In-lh 

1 

-3;j.pn 

-1.51 

-17')4.7.2 

-5327.24 

-5.30 

< 

-0.P.2 

-7. F.n 

-3029. tB 

-1741.02 

-0.45 

) 

-3.10 

-7.C7 

-2404.25 

-2 2 2,. 14 

-20.36 

Y 

4. 5 A 

-4. 12 

444. 45 

202.34 

-17.22 

s 

'1.45 

-4.24 

1 2 1 5 

175.22 

-i^.r-i 


1 1 . r 

0.2'' 

2409. '■■5 

IT, 4. 45 

-2.41 

7 

•1.44 

4.77 

192 '7. 5 4 

1543. C 4 

B.'iO 

f; 

5 .3C 

4.54 

2.9E1 . 14 

1114.24 

12.27 

1 

-1.C1 

7.75 

.1 2 5 . 1 

275. l'i 

22.73 

l.l 

-2.44 

7.1*2. 

-1 ] o" , "T 

-454.14 

•I. 45 

17 

-30.T'' 

c 

c 

$ 

-16S0. 1.3 

-5251.34 

1.20 

GUPPI.r.l .hllTAL 

liATA 






CFI.L 

1 front 

CF.I.I. 2 rear 



II 

«C 

CM 

530.45 

412.50 




correction sheer flov/ G.itO 

(iuo to torsion A. 47 

I'.Y (3 sl-.enr center= SAOO.r.f’ 
sun 27>*n = -7 . 5C.I F.+O 3 
Vertical ifiba1once= T.O'T 


O.f.n 

1.20 


0 9 r.l spar 


-9.05 








PREPARED BV 





LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


lOO K W- VsJ INOKU LL 0»L^DE, 


•»» -A. "71 


REPORT NO. 

1HS3 


-4-. CVCL-IC U6ADS 


gta 23!;. o 


GX lb 

SZ lb 

MX 

In- lb MY in- 

lb MZ in- lb 



-965 

-190 

- 

37400 15 

30 208300 



calculated 

DATA 






XUAU 

ZbAI! 

Elxx Elzz 

El xz 



U.95 

0.02 

5 

.99E+09 1.6 

8E-H0 9.24E+08 


GHIO PT 

X-XDAIl 


Z-ZBAU 

LOAD 

GTRESS 

q 1 n- 1 b 

1 

-37. 

20 

-1.50 

-1466.03 

-4581.35 

-5.42 

'» 

-9. 

17 

-6.74 

-2420. C8 

-1407.49 

-10.16 

3 

-3. 

22 

-6.92 

-1774.21 

-603.05 

-18.93 

4 

4. 

19 

-4.84 

948.43 

297.31 

-14.81 

5 

9. 

15 

-3.84 

1178.88 

943. 10 

-9. 35 

0 

11. 

39 

0.05 

1731.12 

1384.90 

-1. 18 

7 

10. 

03 

3. 55 

1029. 48 

1372.64 

3.74 

3 

6 . 

23 

5.44 

2922.00 

003.88 

17. 89 

') 

-1. 

10 

6.75 

483. 79 

151. 26 

20.63 

ID 

-7. 

90 

6.46 

-1183.03 

-687.81 

8.36 

n 

-37. 

20 

-0.32 

-1440. 54 

-4529.82 

1.51 


SUPPI.BIOITAL DATA 

CELL 1 front CELL 2 rear 
2A= 439.20 410.51 

correction shear flow 4.74 0.43 

Q clue to torsion 3.72 1.09 

MY J shear center^ 2077.61 


sum 2A*q=-4 . 54 5E+03 
Vertical i rnl)al anco=* 
q U I'll d spar» -6. 94 


0.00 









PREPARED BY .y DATE 

S/ /.'^r 5/'7 5' 

LOG K H E E D -C A U FO R N I A COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

^ .A .“72 

CHECKED 

T 



T 100 KSA/. Wl Kl D M 1 LL BLADE. 


APPROVED 

L 

REPORT NO. 


E 

27/53 


CASE. t,2..e.4. cvcl.\c loads 


WINDMILL STA 301 


SX lb 

SZ lb 

MX 

In-lb 

MY In-lb 

MZ In-lb 



-830 

-110 

- 

16430 

1050 

147150 



CALCULATED 

DATA 







XBAR 

ZBAR 

Elxx 

EIzz 

Elxz 



0.69 

-0.06 

4 

.19E«09 

1.32E+10 3.90E+08 


GRID PT 

X-XBAR 


Z-ZBAR 

LOAD 

STRESS 

q In-lb 

1 

-33. 

79 


-1.17 

-1162.12 

-3748.76 

-5.40 

2 

-7. 

61 


-5.61 

-1717.75 

-998.69 

-10.09 

3 

-2. 

11 


-5.72 

-977.04 

-397.17 

-16.18 

4 

4. 

19 


-4.80 

866.39 

322.08 

-11.84 

5 

8. 

12 


-3.50 

791.74 

791.74 

-7.53 

6 

10. 

63 


-0.34 

1332.88 

1159.02 

-0.04 

7 

9. 

03 


3.22 

1085.99 

1085.99 

6.21 

8 

5. 

50 


4.68 

1990.80 

740.08 

17.94 

9 

-1. 

13 


5.72 

113.27 

41.19 

19.23 

10 

-7. 

63 


5.46 

-1171.27 

-680.97 

7.65 

11 

-33. 

79 


-0.14 

-1152.89 

-3719.00 

1.16 


SUPPLEMENTAL DATA 

CELL 1 front CELL 2 rear 


2A- 344.97 316.67 

correction shear flow 3.28 0.31 

Q due to torsion 3.26 0.84 

MY @ shear center* 1392.51 
sum 2A*q*-2. 459E+03 
Vertical Imbalance* 0.00 
q @ mid spar* -5.38 


•n 

o 

a 

z 

u 

Cl 

K 

P 









PREPARED BY 



LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


100 K.w, WtMDMlLL BU^De, 


PAGE 

i .A. 7 3 


MODEL _ 

CUI-7OS 


REPORT NO. 

xniS2> 


CK€>E I 2-J 


CYCU\C. 1_0AD9). 


windMF-USTA 389.0 


SX 1b 

SZ lb 

MX 

In-lb MY In-lb 

MZ tn-lb 



-570 

-40 


-470n 575 

83500 



CALCULATED 

DATA 






XBAR 

ZBAR 

Elxx EIzz 

El xz 



0.54 

-0.13 

2 

.28E«09 9.22E«09 2.52E«08 


RRIO PT 

X-XBAR 


Z-ZBAR 

LOAD 

STRESS 

q In-lb 

1 

-29. 

34 

-1.19 

-797.84 

-2659.47 

-4.64 

2 

-6. 

24 

-4.34 

-1047.23 

-608.86 

-9.10 

3 

-1. 

84 

-4.38 

-386.44 

-212.33 

-12.02 

4 

3. 

89 

-3.61 

997.71 

312.76 

-5.62 

5 

8. 

40 

-2.13 

551.48 

735.31 

-1.91 

6 

9. 

53 

0.13 

516.72 

861.19 

1.61 

7 

8. 

18 

2.40 

572.59 

763.45 

5.58 

8 

4. 

86 

3.62 

1277.97 

476.86 

14.62 

9 

-0. 

68 

4.46 

-31.59 

-14.04 

14.76 

10 

-6. 

04 

4.28 

-859.14 

-499.50 

6.22 

11 

-29. 

34 

-0.05 

-794.22 

-2647.39 

0.81 


SUPPLEMENTAL DATA 


CELL 1 front 
227,53 


correction shear flow 1.29 

Q due to torsion 2.46 

MY @ shear center- 717.26 
sum 2A*q--7.274E*02 
Vertical Imbalance- -0.00 
q g mid spar- -2.93 


CELL 2 rear 
226.28 
0.11 
0.70 









FORM 362B-2 


PREPARED BY ✓ ✓ DATE 

^/7r 

LOC K H E E D-C A LI FO R N I A COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3. A.74- 

CHECKED 

T 

model ^ 

clhos 


; looKw. Windmill SLADE. 

L 

E 

APPROVED 

tBSBSmM 

CASE 1,2^4. 

CVCUIC LOADS. 



GTA l»77 


r.x lb 

SZ lb 

MX 

In- 1b HY In 

-lb MZ In-lb 



-3GU 

-15 


-735 

270 39400 



CALCULATED 

DATA 






XDAR 

ZDAR 

Rlxx EIzz 

Cl xz 



n. 55 

t-K 

O 

O 

1 

1 

.05E+09 6. 

OOE+09 1.27E+0C 


GRID PT 

X-XBAR 


Z-ZCAR 

LOAD 

GTRECS 

q 1 n- 1 b 

1 

-25. 

35 

-0.87 

-449.20 

-1663.71 

-3.69 

0 

-4. 

32 

-3.24 

-538.92 

-313.32 

-7.23 

3 

-0. 

80 

-3.23 

-85.38 

-49. 35 

-8.44 

U 

3 . 

87 

-2.39 

CIO. 52 

256.52 

-3. 33 

5 

6. 

57 

-1.92 

2G0.05 

433.38 

-1.05 

(} 

7. 

93 

-0.05 

3G4.C4 

520.92 

2. 27 

7 

6 . 

85 

1.81 

224.12 

448. 24 

4. 33 


4. 

30 

2.57 

6GG. 5C 

280.07 

10.94 

0 

-0. 

43 

3. 27 

-G2. 7G 

-34.48 

10.33 

10 

-4. 

74 

3.13 

-540.24 

-314.09 

4. 52 

11 

-25. 

35 

-0.17 

-449.38 

-10G4.38 

0. 42 


suppi.n;iniTAL data 

CELL 1 front CELL 2 rear 
2A= 134.82 145.39 

correction shear flow 0.58 0.03 

Q due to torsion 1.65 0.39 

MY d bltear centor= 279.62 
sum 2A*((=-1, 708E+02 
Vertical imbalance^ -0.00 
q Q ni il soar => -1. 82 









PREPARED BY yy DATE 

LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEFD AIRCRAFT CORPORATION 

PAOK 

CHECKED 

T 

T loo k.W. \a/INJDMILL 6L^De 

L • 

E 

MODEL 

APPROVED 



CAvSe. I.2 .a, 4-. CVCL-IC LOfryPS 


WINDMILL STA 5GS 


SX 1b 

SZ 

1b 

MX In 

-1b MY In 

-1b MZ In-lb 


^ a# 

-185 


-5 


120 

105 14130 

LOfy O 


CALCULATED 

DATA 







XBAR 

ZBAR 


El XX 

EIzz 

Elxz 



0.84 

-0. 

00 

4.29E«08 2. 

68E+09 2.83E+07 


GRID PT 

X-XBAR 


Z-ZBAR 

LOAD 

STRESS 

q In-lb 

1 


-22. 

01 

-0.67 

-161.50 

-1153.57 

-1.87 

2 


-3. 

92 

-2.28 

-304.89 

-191.75 

-5.27 

3 


-0. 

66 

-2.22 

-27.01 

-20.62 

-6.07 

4 


3. 

25 

-1.65 

408.41 

181.52 

-1.30 

5 


5. 

66 

-1.21 

113.05 

305.55 

0.11 

6 


6. 

43 

-0.26 

95.23 

340.10 

1.34 

7 


5. 

64 

1.00 

145.32 

290.64 

3.32 

8 


2. 

94 

1.81 

322.92 

143.52 

8.16 

9 


-0. 

89 

2.18 

-78.99 

-60.30 

7.57 

10 


-3. 

94 

2.15 

-350.71 

-220.57 

2.38 

11 


-22. 

01 

-0.30 

-161.82 

-1155.89 

0.26 

SUPPLEMENTAL DATA 










CELL 

1 front 1 

CELL 2 rear 



2A- 



74 

.49 

86.79 




correction shear flow 0.26 0,01 

(\ due to torsion 1.13 

MY Q shear center- 105.41 


sum 2A*q*>-4. 108E + 01 
Vertical imbalance- 
q 0 mid spar- -1.13 


0.00 


0.24 










FORM 362B-2 


PREPARED BY 


DATE 


LOCKHEED-CALIFORNIA COMPANY 
A DJVfSiON OF LOCKHEED AIRCRAFT CORPORATION 


CHECKED 


APPROVED 


/ I 





T 

T 

L 

E 


PAGE 

3. A 76 


lOO K.W \NIKJDKl ill &LKOE. 


MODEL 

CL170& 


REPORT NO. 

3-7 I 5^ 


CASE ^4-. CYCL.1C LOADS . 


CTA GUQ 


U)'. 1!» 

52 l!i 

MX lri-1l> MY 

ln-ll> M2 

1 n- 1 1. 

-70 

0 

140 

GO 

7410 

CALCULATED 

DATA 




XDAP 

ZUAIl 

El XX E 

1 zz 

E 1 xz 

0. '12 

-0.00 

1.87E+03 

1. 56E+U!) 

4. ILE+O/ 


IRID PT 

X-XDAIl 

2-ZDAIl 

LOAD 

STRESS 

H I n- 1 b 

1 

-20.03 

-0.73 

-132.76 

-948.20 

-1.07 

•i 

-1.G2 

-1.34 

-G9. 55 

-44.53 

-1.49 

j 

1.17 

-1.85 

31. 25 

39.27 

-1.24 

4 

2.57 

-1.50 

112.51 

150.01 

-0. 2C 

*j 

3.03 

-1.20 

'Jo , 57 

200.73 

0.63 

G 

5.01 

-1.02 

30.99 

253.22 

0.91 

/ 

5. G3 

-O.IG 

49.02 

272.34 

1.37 

u 

4.05 

0.97 

30. 30 

218. 32 

1. 75 

') 

3,02 

1.39 

C9. 53 

147.04 

2.45 

111 

2.30 

1.73 

58.90 

78.53 

3.10 

11 

1.10 

1.90 

3. 76 

IG. 33 

3.17 

i;; 

-1.40 

1.87 

-157. 00 

-101.23 

1. 45 

13 

-20.03 

-0.43 

-133. 52 

-953. 70 

0. 19 

Ui’Pl.CMEIITAL 

DATA 






CELL 

1 front i 

CELL 2 roar 



A ~ 
/■> “ 

43 

. G3 

74.33 




cori'pction slionr flow -0.25 -0.02 


Q dun to torsion 0.U7 0.21 

i;Y (3 blii.’iir CRiiter= 53.70 

sun 2A»(|= 1. Ovllll+'ll 
Vurtic.il i ii1).j1 nnce- -0.00 
n g nil! sp.ir“ -0. iik 











PREPARED BY DATE 

LOC K H E E D -C A U1 FO R N 1 A COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3 . A. * 7 *? 

CHECKED 

T lOO KW. W'NDMii-L 6 LADE, 

L 

E 

MODEL 

cunoft 

APPROVED 

REPORT NO, 

2 . 7/53 


C/\SE » CYC-LIQ L 0 A>C»£> . 


WINDMILL STA 653 


SX lb 

SZ lb MX In-lb MY In 

-lb MZ In-lb 



-65 

0 90 

0 '350 



CALCULATED 

DATA 




XBAR 

ZBAR El XX Elz 2 

Elxz 



0.88 

-0.01 5.08E-»07 1.1 

06E*O9 1.72E+07 


GRID PT 

X-XBAR Z-ZBAR 

LOAD 

STRESS 

q In-lb 

1 

-17.96 -0.49 

-78.50 

-560.73 

-1.59 

2 

0.07 -1.51 

17.06 

45.50 

-1.46 

3 

0.98 -1.44 

18.88 

72.63 

-1.53 

4 

2.20 -1.32 

43.30 

108.25 

-0.88 

5 

3.54 -1.16 

18.32 

146.57 

-0.57 

6 

4.46 -0.85 

20.90 

167.16 

-0.21 

7 

5.00 -0.07 

22.22 

162.17 

0.22 

8 

4.40 0.71 

15.08 

120.68 

0.54 

9 

3.49 1.20 

9.69 

77.55 

0.77 

10 

2.25 1.44 

12.40 

31.01 

1.21 

11 

0.98 1.57 

-3.47 

-13.36 

1.59 

12 

0.10 1.62 

-16.11 

-42.95 

1.48 

13 

-17.96 -0.17 

-79.78 

-569.88 

-0.06 


SUPPLEMENTAL DATA 

CELL 1 front CELL 2 rear 


2A- 18.25 67.74 

correction shear flow -0.24 -0.01 

Q due to torsion -0.13 -0.04 

MY @ shear center* -5.39 

sum 2A»q* 1.067E+01 
Vertical Imbalance* 0.00 


*n 

0 

a 

Z 

w 

0» 

N 

p 

N 


q @ mid s pa r 


0*31 












PREPARED BY . DATE 

LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

?) A . 7S 

CHECKED 

T 

T lOO K.W.W1KJDM1UL BLADE 

C 

MODEL ^ 

CLITO S 

APPROVED 



CA&£ > j2-a4- Cyclic uqkds . 


WINDMILL STA 697 


SX lb 
-40 

sz 

lb 

0 

MX In-lb 

so 

MY In-lb 
0 

MZ In-lb 
1430 

CALCULATED 

XBAR 

DATA 

ZBAR 


Elxx 

EIZZ 

Elxz 


0.57 -0.03 2.74E+07 7.98E+08 1.17E»07 


GRID PT 

X-XBAR Z 

-ZBAR 

LOAD 

STRESS 

q In-lb 

1 

-15.54 

-0.40 

-38.33 

-273.79 

-1.12 

2 

0.45 

-1.17 

14.55 

38.79 

-0.94 

3 

1.28 

-1.05 

13.22 

50.85 

-0.94 

4 

2.27 

-1.09 

17.50 

70.00 

-0.60 

5 

3.23 

-0.92 

10.39 

83.14 

-0.37 

6 

4.15 

-0.69 

9.40 

93.97 

-0.15 

7 

4.63 

-0.-15 

8.87 

88.69 

0.09 

8 

4.15 

0.53 

7.77 

62.19 

0.34 

9 

3.23 

0.96 

4.27 

34.16 

0.52 

10 

2.25 

1.13 

2.95 

11.80 

0.74 

11 

1.33 

1.21 

-1.85 

-7.11 

1.08 

12 

0.45 

1.28 

-9.39 

25.04 

1.06 

13 

-15.54 

•0.12 

-39.35 

-281.08 

-0.03 

SUPPLEMENTAL 

DATA 






CELL 1 

front 1 

CELL 2 rear 



2A* 

11. 

70 

47.67 




correction shear flow -0.22 -0.02 


Q due to torsion -O.OS -0.02 

MY 0 shear center* -1.43 
sum 2A*q* 4.778E+00 
Vertical Imbalance* 
q Q mid spar* 0.23 


■n 

0 
a 
Z 
u 

01 
K 
W 


0.00 










FORM 362B-2 


LOCKHElED-CALIFORNIA company 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


PREPARED BY .y uaiiv 




CHECKED 


APPROVED 


T lOo YJiNDMt UL BLADE 


CASE. 3. CYCLIC LOADS 


MODEL 

CLt'JOg, 


REPORT NO. 

2TI S3 


I.’INSMIU STA 48.00 

SX Ib 3Z lb HX In-Ib MY In-lb 112 In-lb 
-GQG2 11170 000 

CALCULATED DATA 


XGAH 

ZDAR El XX 

EIzz 

El xz 


1. 60 

0.22 1.8 

SE+10 2.65E+10 

2.20E*07 


GRID PT 

X-XBAR 

Z-ZCAR LOAD 

STRESS 

q I n- 1 b 

1 

-40.16 

-2.72 

0.00 0.00 

-79.03 

2 

-7.08 

-12.03 

0.00 0.00 

-226.58 

3 

-0.65 

-11.64 

0.00 0.00 

-31.90 

4 

6.40 

-3.90 

c.on 0.00 

109.71 

5 

10.54 

-5.15 

0.00 0.00 

247. 38 

6 

11.50 

0.63 

0.00 0.00 

302.25 

7 

9.62 

G.33 

o.no 0.00 

290. 11 

8 

5.10 

9.65 

0.00 o.cn 

145.61 

9 

-2.58 

11.50 

n.oo 0.00 

-GO. 07 

10 

-8.51 

10.96 

0.00 0.00 

21.95 

11 

-40.16 

-0.78 

0.00 0.00 

-31.58 

SUPPLEMENTAL DATA 





CELL 

1 front CELL 2 

rear 



2A“ 741.13 809.30 

correction shear flow -2G3.71 -27.81 

Q due to torsion -9.G9 -3.76 

MY Q shear center” -10226.42 

sun 2A»q= 3.009E+05 

Vertical Imbalance” -0.00 

f] Q nid spar” 246.83 









FORM 362B-2 



LOCKHEED-CALIFORNIA COMPANY 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

5 , A 

CHECKED 

T 

1 100 K.nY. WlMDNll L.L e>U.ADE. 

L 

E 

MODEL ^ 

CL17CJ6. 

APPROVED 

REPORT NO. 

3.11 S3 


CAS£ 3. cvcuc LOADS. 


RUJ I'.EACT. 

,iSTA 81. 50 





OX 1 b 

:'.z ib nx 

in- lb IIY in- lb 112 

i n- 1 b 



-GG50 

13530 

0 -10250 

0 



CALCULATED 

DATA 





XDAI' 

2DAR El XX EIz7. 

Cl xz 



1.02 

-0.05 1 

.5‘JE+IO 2.O3E+10 

9. U8E+08 


CRID PT 

X-XOAI! 

2-2UAI; LOAD 


0TRE5G 

<1 i n- 1 b 

1 

-30.42 

-2.43 

0.00 

0.0 0 

-94. 35 

2 

-7. G3 

-10.73 

0.00 

0.00 

-245.55 

3 

-I.IG 

-10. GO 

0. no 

0.00 

14.00 

4 

G.12 

-8.40 

0.00 

0.00 

255. 08 

5 

10.51 

-5.23 

0.00 

0.00 

3GG. 38 

G 

12. CG 

0. 15 

0.00 

0.00 

422. G7 

7 

10.38 

5.55 

0.00 

0,09 

401. 44 

o 

G.IO 

8.93 

0.00 

0.00 

100.93 

0 

-1.44 

10.85 

0.00 

0.00 

-71. OS 

10 

-7. 50 

10.43 

0.00 

0. 00 

18.35 

11 

-30.42 

-0.23 

0.00 

0. 00 

-44.19 


SUPPLEME.'JTAL DATA 

CELL 1 front CELL 2 rcnr 


2A= 0'J7.73 7U3.30 

correction sliear flov/ -273. 72 -31.02 

0 clue to torsion -47.04 -13. 17 

IIY J slicnr ccnter= -43032.20 
sun 2A*<j= 3. 6 73 E+ 05 
Verticnl inbaiance= -0.00 
q J nici S!>ar= 277. 17 











WINDMILL STA 81.50 


SX 1b 

SZ lb MX In-lb 

MY In 

-1b MZ In-tb 



780 

-1750 -388700 

10250 -193800 



CALCULATED 

DATA 





XBAR 

ZBAR El XX 

EIzz 

Elxz 



1.02 

-0.05 1.59E«10 2. 

93E«10 9.08E«08 



GRID PT 

X-XBAR Z-2BAR 

LOAD STRESS 

q In-lb 

1 

-39.42 

-2.43 

1470.45 

2297.57 

14.26 

2 

-7.68 

-10.73 

-3613.32 

-2100.76 

40.56 

3 

-1.16 

-10.69 

-7455.05 

-2570.71 

6.95 

4 

6.12 

-8.40 

-8094.78 

-2537.55 

-28.83 

5 

10.51 

-5.23 

-2073.03 

-2073.03 

-37.82 

6 

12.06 

0.15 

-1624.25 

-850.39 

-44.41 

7 

10.58 

5.55 

600.23 

600.23 

-41.38 

8 

6.10 

8.93 

5857.92 

1769.76 

-14.43 

9 

-1.44 

10.85 

7704.85 

2801.76 

20.08 

10 

-7.50 

10.43 

5406.71 

3143.43 

1.03 

11 

-39.42 

-0.23 

1820.28 

2844.19 

8.43 

SUPPLEMENTAL DATA 






CELL 1 front 

CELL 2 rear 



2A* 

697.73 


743.30 



correction 

shear flow 35.35 


4.00 



Q due to torsion 16.03 


4.43 




MY 0 shear center* 14482.75 


sum 2A*q*-4. 748E^04 
Vertical Imbalance* 0.00 
q 0 mid spar* -42.96 









FORM 362B-2 


PREPARED BY DATE 

LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3 A.S 2 

CHECKED 

T 

T 100 K.W \AilKlOMu_i_ BUAOE 

E 

MODEL 

CL 17 0 ft 

APPROVED 



CKSE. 3. CYCLIC UO^t:>S 


WINDMILL STA 12S 


SX lb 

SZ 1b MX In-lb 

MY In-lb 

MZ In-lb 



540 

-1450 -339700 

11100 

-129400 



CALCULATED 

DATA 





XBAR 

ZRAR Elxx 

EIZ2 

Elxz 



0.85 

-0.16 1.24E+10 

2.75E+10 1.28E+09 



GRID PT 

X-XBAR Z-ZBAR 

LOAD STRESS 

q In-lb 

1 

-38.97 

-2.02 

1047.30 

1775.09 

15.15 

2 

-8.53 

-9.24 

-3561.56 

-2070.67 

38.34 

3 

-2,05 

-9.32 

-7074.30 

-2482.21 

8.13 

4 

5.47 

-7.60 

-7825.77 

-2453.22 

-25.19 

5 

10.28 

-4.67 

-2404.18 

-1923.34 

-35.39 

6 

12.45 

-0.20 

-1078.13 

-804.57 

-39.92 

7 

11.20 

4.56 

750.80 

600.64 

-36.65 

8 

6.52 

7.86 

5754.35 

1803.87 

-12.01 

9 

-0.93 

9.63 

7825.88 

2745.92 

21.37 

10 

-7.35 

9.26 

5208.35 

3028.11 

5.09 

11 

-38.97 

-0.14 

1357.26 

2300,44 

10.78 


SUPPLEMENTAL DATA 

CELL 1 front CELL 2 rear 


2A- 632.44 630.93 

correction shear flow 28.41 4.21 

Q due to torsion 20.82 6.36 

MY @ shear center* 17309.29 
sum 2A»q=-4. 033E+04 
vertical Imbalance* 0.00 
q @ mid spar* -38.45 










FORM 362B-2 


LOCKHEED- CA LI FORNIA COMPANY 
A DtVISlON OF LOCKHEED AIRCRAFT CORPORATION 


PREPARED BY DATE 

hjis 


PAGE 

3. A, -83 


APPROVED 


00 KSN. WINDM IL.L BUADE. 


MODEL 

CL 170 8 


REPORT NO. 

iTi 53 


CASE 2 ,. CVCUC LOADS. 


»n'jnt;iu. t.ta 137.5 


o;< 1 !) 

r.z ih 

n:; in-ib 

MY In-lh 

!:Z In- 11' 

325 

-1340 

-206020 

8400 

-67800 

CALn;i.ATr.n 

XBAR 

DATA 
7.0 AO 

F.txx 

Fizz 

FIxz 


1.2?. -0.12 3.21E + 09 1.91F.+ 10 S. 505 + 08 


OR ID FT X-;;CAR 

Z-ZRAr. 

LOAD 

CTO FOR 

0 In-lb 

1 -39.80 

-1.51 

470.68 

1499.00 

12.26 

2 -0.82 

-7.50 

-3404.47 

-1373.34 

38.50 

3 -3.10 

-7.C7 

-6642.69 

-2372.39 

5.06 

4 4.50 

-G.12 

-7153.53 

-2242.49 

-30.75 

5 0.45 

-4.26 

-2346.35 

-1877.48 

-42.44 

r. 11.20 

0.20 

-8f8. 30 

-524.87 

-46.35 

7 3.40 

4.77 

1374.00 

1099.20 

-39.35 

8 S.3C 

5.56 

5050.57 

1894.97 

-13.81 

9 -1.60 

7.73 

“ r» c . z r 

80.75 

25.78 

in -3.54 

7.42 

4945.99 

2875.58 

7.01 

11 -39.80 

-0.30 

607.54 

1897.94 

9.96 

GUPPI.F..F.NTAI. DATA 





CFI.I. 1 front 

CELL 2 rear 



2A= 

530.45 

492.50 



corr<'ct'on shear flow 

32.56 

3.98 



0 due to torsion 

20.8 8 

^ nf» 




MY Q r,\ ';^r conter= l't02ft.lM( 


sun 2A*'i = “3 • 7015+04 
Vertical ir’.bnlance= O.OO 


q I'j nirl spar = 











FORM 362B-2 


PREPARED BY y DATE 

LO C K H E: E D -C A LI FO R N 1 A COMPANY 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3 A «8r4 

CHECKED 

T 

T j 0 0 K w. Windmill b> la de . 

E 

MODEL 

CLITO g 

APPROVED 

REPORT NO 

153 


C^SE. 3 . CYCLIC. U0A.OS- 


WlflDMILL 3TA 235.0 


3>: lb 

11) 

MX i 

n-lb MY In- 11) 

:iz In- lb 


22d 

-1230 

-214100 6600 

-41950 


CALCULATED 

DATA 





XBAR 

ZDAI! 

Elxx 

EIzz 

El xz 


0.95 

0.02 

5. 

99E+09 1.68E+10 9.24E+08 

OlUn PT 

X-XDA({ 


Z-ZBAt! LOAD 

STRESS 

1 

-37. 

20 

-1. 50 

560. 34 

1126.05 

2 

-9. 

17 

-6.74 

-5509.75 

-2040. 55 

3 

-3. 

22 

-6.92 

-6075.79 

-2373.36 

4 

4. 

19 

-4.84 

-6217.53 

-1949.07 

5 

9. 

15 

-3.84 

-2259.83 

-1807.86 

li 

11. 

39 

0.05 

-615.58 

-492.46 

7 

10. 

03 

3.55 

632.02 

842.69 

u 

6. 

23 

5.44 

5002.07 

1701.38 

■) 

H; 

-1. 

10 

6.75 

7522. 5 C 

2507.52 

-7. 

99 

6.46 

4663.72 

2711.46 

11 

-37. 

20 

-0.32 

497. 79 

1555.59 

SUPPLOIEUTAL DATA 







CELL 

1 front CELL 

2 rear 



2A= 43G.20 410.51 

corriction r.ltonr flow 34.32 4.32 

Q duo to torsion 20.97 6.13 

my 'I shonr center= 11725.02 
sun 2A*n=-3. 3256+04 
Vertic.Tl inbnlrince= 0.00 
q J ni .1 spar=* -44 . 85 


q I n- 1 b 

12.37 
3C.87 
1.90 
-33.62 
-46.45 
-49. 81 
-46. 09 
-17.15 
25.98 
7.74 
10. 45 









PREPARED BY yy DATE 

LOG K H E E D-C A LI FO R N 1 A COMPANY 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3. A. %5 

CHECKED 

T 

T (00 kyv. wiNt>MiLL bla.de. 

e 

MODEL 

CL. I70a 

APPROVED 

REPORT NO. 

■2715 3 


CA&E. 3. CYCLIC LQ^DS . 


WINDMILL STA 301 


SX 1b 

SZ 1 b MX 

In-lb MY In-lb 

MZ In-lb 



105 

-1060 

149590 4440 

-19070 



CALCULATED 

DATA 





XBAR 

ZBAR Elxx EIzz 

Elxz 



0.69 

to 

o 

0 

1 

4.19E+09 1.32E*10 3.90E+08 


GRID PT 

X-XBAR 

Z-ZBAR 

LOAD 

STRESS 

q In-lb 

1 

-33.79 

-1.17 

130.78 

421.88 

9.48 

2 

-7.61 

-5.61 

-3133.64 

-1821.88 

34.60 

3 

-2.11 

-5.72 

-4915.76 

-1998.28 

-0.32 

4 

4.19 

-4.80 

-4910.08 

-1825.31 

-34.83 

5 

8.12 

-3.50 

-1457.09 

-1457.09 

-44.96 

6 

10.63 

-0.34 

-444.64 

-386.64 

-47.83 

7 

9.03 

3.22 

929.55 

929.55 

-41.05 

8 

5.50 

4.68 

4145.03 

1540.90 

-11.36 

9 

-1.13 

5.72 

5716.88 

2078.86 

29.04 

10 

-7.63 

5.46 

5693.71 

2147.50 

7.29 

11 

-33.79 

-0.14 

245.26 

791.16 

8.79 


SUPPLEMENTAL DATA 

CELL 1 front CELL 2 rear 
2A- 544.97 316.67 

correction shear flow 37.21 3.84 

Q due to torsion 19.19 4.95 

MY @ shear center* 8187.75 
sum 2A»q*“2 . 635E*04 
Vertical Imbalance* 0.00 
q @ mid spar* -47.61 










LO C K H t E D -C A U FO R N 1 A COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

CHECKED 

T 

T lOO K.W. \N\NDN\\LL BLADE. 

E 

MODEL 

C L I 70 S 

APPROVED 

REPORT NO. 

. 2 .T/ 53 


S.C'rcuiC LO^DS. 


Vi'WDrA'VuSTA 389.0 

SX lb SZ 1b MX ln-1h MY In-lb MZ In-lb 
40 -750 -83500 3044 -6220 

CALCULATED DATA 

XBAR ZBAR Elxx EIzz E I xz 

0.54 -0.13 2.28E+09 9.22E+09 2.52E+08 


PT 

X-XBAR 

Z-ZBAR 

LOAD 

STRESS 

q In-lb 

1 

-29.34 

-1.19 

16.40 

54.66 

9.70 

2 

-6.24 

-4.34 

-2564.37 

-1490.91 

29.41 

3 

-1.84 

-4.38 

-2874.80 

-1579.56 

3.54 

4 

3.89 

-3.61 

-4443.57 

-1392.97 

-36.13 

5 

8.40 

"2.13 

-693.76 

-925.01 

-42.25 

6 

9.53 

0.13 

-68.20 

-113.67 

-42.77 

7 

8.18 

2.40 

557.27 

743.02 

-37.66 

8 

4.86 

3.62 

3342.11 

1247.05 

-7.44 

9 

-0.68 

4.46 

3709.77 

1648.79 

25.84 

10 

-6.04 

4.28 

2877.12 

1672.74 

8.58 

11 

-29.34 

-0.05 

142.05 

473.50 

9.71 


SUPPLEMENTAL DATA 

CELL 1 front CELL 2 rear 
2A- 227.33 226.28 

correction shear flow 32.10 3.88 

Q due to torsion 20.52 5.83 

MY 0 shear center* 5982.38 
sum 2A»q=-1.613E+04 
Vertical Imbalance* 
n 0 mid spar* -42.91 


0 

z 

u 

Cl 

D 

N 


0.00 













inti;)i;iLL cta 477 


r,x ill 

32 lb 

I'X 

in- lb I1Y In-lb 

I1Z in- lb 



10 

-515 


-3GC00 1310 

-14G0 



CALCULATED 

DATA 






XDAR 

ZUAR 

Elxx EIzz 

El xz 



i). j'j 

-0.03 


1.05E+09 G.OOE+09 1.27E+08 


GRID PT 

X-XDAR 


Z-ZBAR 

LOAD 

3TREGG 

q I n- 1 b 

1 

-25. 

35 

-0.87 

-14.82 

-54.90 

6. 10 

2 

-4. 

32 

-3.24 

-1855.07 

-1078.53 

23.41 

3 

-0. 

30 

-3.23 

-1927.91 

-1114.40 

-3.73 

4 

3. 

87 

-2.39 

-20G7.07 

-8G8. 52 

-32. G4 

5 

0 . 

57 

-1.92 

-439.03 

-731.79 

-38. 75 

0 

7. 

93 

-0,05 

-G7.13 

-95.97 

-39.59 

7 

6. 

85 

1.31 

280.13 

5G0.26 

-35.59 

8 

4. 

30 

2.57 

2020.71 

349.04 

-C.99 

9 

-0. 

4( 

3.27 

2072. G3 

1133.31 

22.14 

11) 

-4. 

74 

3.13 

194G. 83 

1131.90 

5.83 

11 

-25. 

35 

-0.17 

50.78 

188.09 

6.43 


SUPPLFJlEtITAL DATA 

CELL 1 front CELL 2 rear 


2A= 134.32 145.39 

correction shear fIo\/ 34. 9G 2.90 

9 iluG to torsion 15.02 3.53 


I'lY d shear center= 2533.04 
SUM 2A*<i=-9, 07CE+03 
Vertical irnba1ance= 0.00 


q d nil! spar 


-43. 55 











FORM 362B-2 


LO C K H El E D -C A LI FO R N I A COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


PREPARED BY DATE 

^2 3 ,/) ^ 


PAGE 

3 . A . 


CHECKED 


APPROVED 


100 K\A/.\AnKlDNM UL BLADE 


MODEL 

CU7QS 


REPORT NO. 

i-M 5>3 


CASE. 3. CYCi-lC LOADS 


UIIIDIilLL liTA 'jQ5 

;:X 111 GZ II) MX In- lb IlY In- lb MZ In- lb 

S -ii7!i -131*50 SCO -I'tO 


CALCbl.ATEb 

OATA 





XDAK 

2BAP El XX 

El zz 

Elxz 



0.0 4 

-0.00 4. 

29E+08 2.G 

3E+09 2.S3E+07 


GO 10 PT 

X-XOAP 

Z-ZBAP. 

LOAD 

5TIIESG 

q 1 n- 1 b 

1 

-22.01 

-0.C7 

-17.42 

-124. 43 

5.77 

2 

-3.02 

-2.28 

-1110.53 

-C08. 45 

24.82 

3 

-0. GG 

-2.22 

-906. C5 

-092.10 

-7. 20 

4 

3.25 

-1.G5 

-1183. 75 

-523. 33 

-49. 19 

5 

5. GG 

-1. 21 

-147.85 

-309. 59 

-54.41 

0 

0.4 3 

-0. 2G 

-29. 50 

-104. C5 

-55. 44 

7 

5.G4 

1.00 

14G. 72 

293.45 

-50. 2C 

f> 

U 

2.04 

1.81 

1254.95 

557. 75 

-5.94 

0 

-O.ii'J 

2.13 

901.83 

G8S. 42 

25. 91 

10 

-3.04 

2.15 

1003.13 

690. G3 

6.42 

11 

-22.01 

-0. 3U 

-1.13 

-8. 42 

6.38 

GUPPLEMniTAL DATA 






CELL 

1 front CELL 2 rear 



2A= 

74.40 

8G. 70 




corriiction shenr flnv/ 40. 35 3. 00 


Q ilui? to torsion 15.30 3. 30 

.'lY 3 slirnr ccntnr= 1425.50 
sun 2A’«'i=~lj. 75Zr+03 
Verticnl inb<il;ince= 0.00 
q <2 I I si).ir= -50.27 










FORM 362B-2 


PREPARED BY y DATE 

3/75 


LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


•i.A. 


CHECKED 


APPROVED 


100 Kyv WINDMt L(- BLADE. 


MODEL 

ci_i7oS 


REPORT NO. 

2.7 I SB 


CASE 3. CYCHC LOA.DS 


HTA (iO‘J 

1l> SZ Ib MX In-lb my In-lb MZ In-lb 
0 -17S -GOIjO 190 0 

CM rill.ATEn DATA 


xiiAi; 

ZI5A1! El XX 

■Elz:; 

Clxz 



0.9 2 

-0.00 1. 

37E+08 1. 

5CE+09 4.13 

E+0 7 


Gi;in •’T 

;(-;:iiA!’. 

Z-/-GAP, 

LOAD 

GTI'.E.SG 

q In-lb 

1 

-20.0a 

-0.7!! 

-12.32 

-38.45 

3.04 

0 

■-1.G2 

-1.34 

-1040.58 

-GR7.04 

7. 04 

j 

1.17 

-1. S5 

-244. 50 

-G')8. 50 

1.43 

i( 

2.57 

-1.50 

-43G.G5 

-582.20 

-0.52 

9 

• j. 93 

-1.20 

-227.50 

-484.05 

-15. 24 

u 

5.01 

-1.92 

-51.34 

-427.70 

-16.54 

7 

3. G3 

-O.IG 

-20.48 

-113.77 

-17.05 


a . 9 3 

0.97 

5G. 51 

313.92 

-15. 03 

9 

3.02 

1.39 

227. 17 

433. 35 

-9.01 

id 

'2.30 

1. 73 

4G7. 32 

C23. 09 

1 . ac 

11 

1.10 

1.99 

1C3. 33 

731.35 

0. 10 

12 

-1.40 

1.3/ 

1110.35 

712.03 

3.27 

13 

-20.03 

-0.43 

3. 25 

23.24 

5. 35 

GUPr'L'Ii.rilTAL .)AVA 






CELL 

1 front 1 

CELL 2 ronr 



2/'v= 

43. C3 

74 . 33 



corriict ion 

sheiir f1o\; 2G 

. 25 

1.43 




0 .lijo to torsion 7.90 1. 92 


f.y ! r.lienr center= ltC7.!i5 

suti 2A*q=-l. S2t!I!+')3 
Vnrtic.il i nii.nl .nncn= 0.00 
q i; riiil sp.ir= -jO.OO 











PREPARED BY w DATE 

LOG K H E E D-C A LI FO R N ! A COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3 A 

CHECKED 

T 

T loo KW. WlNDl^lLL 6LADE. 

E 

MODEL ^ ^ ^ 

CL. MO% 

APPROVED 

REPORT NO. 

2. -71 S3 


CKSE. 3. CYCUC LOA.DS. 


WINDMI LL STA 653 


SX lb 

SZ 1b MX 

In- lb MV In 

-lb MZ In-lb 



0 

-110 

-3080 

120 -30 



CALCULATED 

DATA 





XBAR 

ZBAR Elxx EIzz 

El xz 



0.88 

-0.01 5 

.08E+07 1. 

06E+09 1.72E+07 


GRID PT 

X-XBAR 

Z-ZBAR 

LOAD 

STRESS 

. q In-lb 

1 

-17.96 

-0.49 

-16.42 

-117 26 

3.55 

2 

0.07 

-1.51 

-345.84 

-922.23 

-8.80 

3 

0.98 

-1.44 

-231.10 

-888.86 

12.51 

4 

2.20 

-1.32 

-331:28 

-828.20 

0.69 

5 

3.54 

-1.16 

-93.05 

-744.39 

-2.63 

6 

4.46 

-0.85 

-70.62 

-564.94 

-5.15 

7 

5.00 

-0.07 

-13.06 

-95.34 

-5.60 

8 

4.40 

0.71 

48.24 

385.88 

-5.88 

9 

3.49 

1.20 

86.70 

693.62 

-0.78 

10 

2.25 

1.44 

340.98 

852.44 

11.41 

11 

0.98 

1.57 

245.59 

944.56 

-9.38 

12 

0.10 

1.62 

368.99 

983.98 

3.80 

13 

-17.96 

-0.17 

10.87 

77.66 

4.16 

SUPPLEMENTAL DATA 






CELL 1 front i 

CELL 2 rear 



2A- 


18.25 

67.74 



corr ect I on 

shear flow 24.85 

1.18 



Q due to torsion 

8.87 

2.98 



MY Q shear 

center" 363 

.99 





sum 2A*n=-6 . 8 2 7E+02 
Vertical imbalance" 
q 0 mid spar- -29.56 


- 0.00 












PREPARED BY . DATE 

LOCKHEED-CALIFORNIA COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

S. A. ^1 

CHECKED 

T 

T (OO K.W. Vi INDMI Ul_ BLAbE . 

E 

MODEL 

CU7<?3 

APPROVED 

REPORT NO. 

27/53 


C/KS>E. 3 CYCLIC UO^DS 


WiMOWiU-STA 697 


SX lb 

SZ lb 

MX 

In-lb MY In- 

1b MZ !n-lb 



0 

-60 


-1290 

10 0 



CALCULATED 

DATA 






XBAR 

ZBAR 

Elxx EIzz 

Elxz 



0.57 

tn 

o 

0 

1 

2 

.74E+07 7.98E+08 1.17E+07 


GRID PT 

X-XBAR 


Z-ZBAR 

LOAD 

STRESS 

q In-lb 

1 

-15 

.54 

-0.40 

-11.59 

-82.77 

1.96 

2 

0 

.45 

-1.17 

-209.41 

-558.42 

-7.78 

3 

1 

.28 

-1.05 

-131.92 

-507.37 

6.06 

4 

2 

.27 

-1.09 

-133.30 

-533.18 

-0.14 

5 

3 

.23 

-0.92 

-57.42 

-459.36 

-2.81 

6 

4 

.15 

-0.69 

-35.68 

-356.85 

-4.47 

7 

4 

.63 

-0.15 

-10.45 

-104.50 

-4.95 

8 

4 

.15 

0.53 

27.60 

220.80 

-3.67 

9 

3 

.23 

0.96 

53.85 

430.79 

-1.16 

10 

2 

.25 

1.13 

129.52 

518.09 

4.86 

11 

1 

.33 

1.21 

146.21 

562.36 

-8.32 

12 

0 

.45 

1.28 

225.61 

601.61 

2.17 

13 

-15 

.54 

-0.12 

6.97 

49.80 

2.50 


SUPPLEMENTAL DATA 

CELL 1 front CELL 2 rear 
2A- 11.70 47.67 

correction shear flow 17.99 0.93 

Q due to torsion 4.49 1.57 

MY Q shear center** 127.50 
sum 2A*q*»-3. 200E+02 
Vertical Imbalance- -0.00 
q 0 mid spar- -19.98 


0 

H 

Z 

w 

0 > 

10 

a 

N 










■n 

0 
a 
z 
(•> 

01 

o 

N 


PREPARED BY / J 

DATE 

LOG K H E E D-C A LI FO R N 1 A COMPANY 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3 A . ^-2 

checked 

T 

loo k.\N . \aiindkull Blade 

MODEL 

CL »70 g 

APPROVED 

U 

E 

REPORT NO. 

2“7 /5 3 


BLAspE S&CTlOtsJ pg.QPE.g.T|E.S (faTiC,U£ PK.0PtR.Tl €:s) 


FATir.UE Q STA 187.5 


INPUT DATA 


grid pt 

X In 

Z In 

A In2 

T In 



1 

-38. 58 

-1.63 

0.32 

0.04 



2 

-29.80 

-4.25 

0.53 

0.04 



3 

-16.80 

-6.95 

0.53 

0.04 



4 

-8. GO 

-7.62 

1. 72 

0.25 



5 

-1. 88 

-7. 79 

2.80 

0.25 



G 

5. 72 

-6.24 

3. 19 

0.25 



7 

10. G7 

-4.33 

1. 25 

0.25 



8 

13. 02 

0.08 

1. 54 

0.25 



9 

10. 63 

4.65 

1.25 

0.25 



10 

6. 5G 

6.44 

2.67 

0.25 



11 

-0. 38 

7.61 

3.00 

0.25 



12 

-7. 52 

7. 30 

1.72 

0.04 



13 

-15.90 

6.30 

0.57 

0.04 



14 

-29.90 

2. 70 

0.57 

0.04 



15 

-38.58 

-0.42 ^ 

0. 32 

0.08 





• 

2./ *92 




XLA 

1 n 

ZLA In 

XMS In ZMS In 

HMS In THS In 

G 

1. 

83 

0.00 

-7.96 

0.00 

15,92 0.08 

4.00E+06 

SX 

ll> SZ lb MX In- lb 

MY In- lb MZ 

In-lb 



0 

10 

0 

0 

0 


CALCULATED DATA 






XOAR 

ZBAR 

El XX 


EIzz El xz 


-1. 22 

-0 

.15 8. 

85E+09 

3. 18E+10 

1.046-^09 


GRID PT 

X- 

XOAR 

Z-ZBAR LOAD 

STRESS q 

In- lb 

1 


-37. 36 


-1.48 

0.00 0.00 

-0.07 

2 


-28.58 


-4.10 

0.00 0.00 

-0.05 

3 


-15; 58 


-6.80 

0.00 0.00 

-0.01 

4 


-7.38 


-7.47 

0.00 0.00 

-0.12 

5 


-0.66 


-7.64 

0.00 0.00 

0. 12 

C 


6.94 


-6.09 

■ 0.00 0.00 

0, 35 

7 


11.89 


-4.23 

0.00 0.00 

0. 42 

8 


14. 24 


0.23 

0.00 0.00 

0.42 

9 


11.90 


4.80 

0.00 0.00 

0. 36 

10 


7. 78 


6.59 

0.00 0.00 

0. 17 

11 


0.34 


7. 76 

0.00 0.00 

-0.10 

12 


-6. 10 


7.45 

0.00 0.00 

0.00 

13 


-14.68 


6.45 

0.00 0.00 

-0. 04 

14 


-28.68 


2.85 

0.00 0.00 

-0.07 

15 


-57.36 


-0.27 

0.00 0.00 

-0.07 

SUPPLEMENTAL DATA 







CELL 

1 front CELL 2 rear 


2 A- 


530.39 

579.38 



correction shear 

flow -0 

.27 

-0.06 



0 due to 

tors 1 on 

-0 

.05 

-0.02 



LATERAL 

LOCATION 

OF SHEAR 

CENTER 

AHEAD OF MID 

SPAR- 13.33 
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I - LQ\OS (^FA.TiG,ue. P«e.oPe.<2.T»e.s^ 


FATIGUE Q STA 187.5 


SX 1b 

SZ lb MX In-lb 

MY In 

-lb HZ In-lb 



-4 50 

2800 261G00 

-1190 -58270 



CALCULATED 

DATA 





XBAR 

ZBAR El XX 

EIz2 

Elxz 



-1. 22 

-0.15 8.83E+09 

1 3, 

18E«^10 1.04E«09 


GRID PT 

X-XOAIl Z-ZBAR 

LOAD 

STRESS 

q In- 1b 

1 

-37. 3G 

-1.48 

242. 74 

758.55 

-22.07 

2 

-28. 58 

-4.10 

771. 77 

1456.16 

-18,85 

3 

-15.58 

-6,80 

1134. 79 

2141.11 

-9. 35 

4 

-7.38 

-7.47 

3901. 51 

2268. 32 

-42.46 

5 

-O.CG 

-7.64 

6330.02 

2260.72 

25.52 

G 

C.94 

-6.09 

5544. 34 

1738, 04 

93.12 

7 

11.39 

-4.25 

1433. 32 

1146.66 

113. 70 

8 

14. 24 

0,23 

-291.90 

-189.55 

117.97 

9 

11.90 

4.80 

-1897. 38 

-1517.90 

102.45 

10 

7.78 

6. 59 

-5368.46 

-2010.66 

51.31 

11 

0.84 

7. 76 

-6888. 72 

-2296.24 

-22.51 

12 

-6. 10 

7,45 

-3689.00 

-2145.11 

5.04 

15 

-14. G8 

6.45 

-1012.49 

-1776. 30 

-8. 77 

14 

-23.63 

2.35 

-358.41 

-595, 71 

-17.99 

15 

-37. 3G 

-0.27 

128.49 

401. 52 

-20.65 

SUPPLEMENTAL DATA 






CELL 1 front CELL 2 rear 



2A- 

530.39 


579.38 



corrcct Ion 

shear flow -76,15 

-15. 77 



Q due to torsion -15. CO 


-4,88 




MY 0 shear center" -11100.75 


sum 2A*q= S.GSiiE-^OU 
Vertical Imbalance" 0.00 
q 0 ml d spar" 71. 10 











eREPAREO BY y . DATE 

LOCKHEED-CALJFORNJA COM PA N Y 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PAGE 

3 . A • ^4- 

CHCCKCD 

T 

T 100 K.W. \NlND Y\'L.L. ^2>L^ 

L 

CLHO^ 

APPROVED 

REPORT NO. 1 



3L7/5S 


C^SE■ X. crcutc LO^DS> (F^T^C,OE PR.OPE.RTl'E.'i ) 


FATIGUE 0 STA 187.5 


SX lb 

SZ lb MX In- 1b HY In 

-lb 

MZ In- lb 



-1100 

-280 -62850 1000 

257700 



CALCULATED 

DATA 






XBAR 

ZBAR El XX 

EIzz 


El xz 



-1.22 

-0.15 a.83E+09 3. 

18E+10 1.04E+09 


GRID PT 

X-XBAR 

2-ZBAR 

LOAD 

STRESS 

q In- lb 

1 

-37.36 

-1.48 


-971. 27 

-3035.21 

-1,87 

2 

-28.58 

-4.10 


-1327.87 

-2505.41 

-7,56 

3 

-15.53 

-6.80 


-873.48 

-1648.07 

-11.33 

4 

-7. 38 

-7.47 


-1794. 70 

-1043.43 

-10. 53 

5 

-0.66 

-7. 64 


-1468.58 

-524.49 

-17.08 

6 

6.94 

-6.09 


542. 59 

170.09 

-15.03 

7 

11.89 

-4.23 


843. 81 

675.05 

-11.51 

8 

14.24 

0.23 


1749.23 

1135.87 

-4.05 

9 

11. 90 

4.80 


1542.47 

1233,97 

2.61 

lU 

7. 78 

6.59 


2723.43 

1020.01 

14. 46 

11 

p. 84 

7. 76 


1636.65 

54 5, 55 

21.76 

12 

-6.10 

7.45 


-35.07 

-20, 39 

13.15 

13 

-14.68 

6. 4 5 


-432. 17 

-758. 19 

11. 36 

14 

-28.68 

2. 85 


-1187. 72 

-2083. 71 

6. 32 

15 

-37.36 

-0.27 


-947.34 

-2960.42 

2. 28 

SUPPLEMENTAL DATA 







CELL 

1 front 1 

CELL 

2 rear 



2A= 

550 

.39 

579 

ccr 



correct Ion 

shear flow 6. 

88 

1. 

02 



Q due to torsion 4. 

02 

1. 

26 




(1Y 0 shear center" 2864.71 
sum 2A*q»-7. 947E+03 


Vertical Imbalance" 0.00 
g 0 ml d spar" -8. 65 









STA 81.5 RIB REAC 


SX 11) 

SZ lb 

MX in-lh 

MY In- lb MZ 

I n- 1 b 

-82600 

84020 

0 

-108150 

0 

CALCULATED 

XBAR 

DATA 

ZBAR 

E 1 XX 

E 1 zz 

Elxz 

-1.17 

0.15 

1.6GE+10 

4.23E+10 

4.33E+08 


q I n- 1 b 
-787.33 
-'IC't. 54 
-964.32 
-2149.71 
-471.55 
1455.02 
1997.51 
2547.14 
2528.46 
1595.21 
135.81 
1010.35 
546.56 
66.31 
. -396.85 

SUPPLEMENTAL DATA 

CELL 1 front CELL 2 rear 
2A= 697.73 867.50 

correction shear flow ******* -403.40 

Q due to torsion 27.07 11.50 

MY 0 shear center= 29334.69 
sum 2A*q= 2.575E+0G 
Vertical linbalance= 0.00 
q 0 mid spar= 1959.66 


X-XBAR 

-37.23 

-29.33 

-14.51 

-5.49 

1.03 

8.31 

12.70 

14.25 

12.77 

8.29 

0.75 

-5.31 

-14.51 

-29.33 

-37.23 


2-2BAR 

-2.03 
-5.81 
-1C. 03 
-10.93 
-10.39 
-3. GO 
-5.43 
-0.05 
5.3 5 
3.73 
10.65 
10.23 
8.09 
3.41 
-0.43 



*U.S. GOVERNMENT PRINTING OFFICE: 1978-740-094/1387 












